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ABSTRACT 


The racemization and solvolyses of a number of 
optically active monoaryl and diaryl sulfonium salts have 
been investigated. The rate constants for racemization of 
these salts are compared with one another and with the rate 
constants for racemization of isopropylethylmethyl and 
cyclohexylethylmethylsulfonium perchlorates. The data 
provide information on both ST astRAn ie and steric effects 


upon the racemization reaction. 


Two features are clear from the data. Firstly, 
aryl groups do not have an appreciable electronic effect 
upon the rate of racemization of sulfonium salts. In the 
phenylethylmethytsulfonium system, introduction of a p- 
methoxy, p-hydroxy, or p-nitro group onto the phenyl group 
leads to an increase in the rate of racemization of less 
than a factor of 2. Both electron withdrawing and electron 
donating groups increase the rate of racemization by small 
amounts. This is good evidence for a racemization mechanism 
involving pyramidal inversion around the central sulfur 
atom. In the presence of one equivalent of sodium methoxide 
in methanol, p-hydroxyphenylethylmethylsulfonium perchlorate 
is converted to the corresponding zwitterion (o-U8); and 
this compound racemizes only 4.3X faster than the unsubsti- 
tuted compound. This again confirms that any electronic 
effect associated with substitution on the aromatic ring is 


very small. However, some resonance interaction via p-d7T 
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bonding between the positive sulfur and the adjacent carbon 
atom of the ring, leading to a barrier decrease in the 


activation energy for inversion, cannot be discounted, 


The, second clear feature from our data is that 
there is a marked steric effect upon the racemization rate. 
Replacement of the ethyl group in the phenylethylmethyl 
system by a p-anisy!l group Leads to an increase in the 
magnitude of aap UVede acClOre On sda 2 fat 50°, Replacement 
of the methyl group in the phenylethylmethyl system by a 
Prawisy NOoTcup, Leads. tosganeinceeasssinethe,magni tude of 
en DV eam aecOre Or Ca.) rs at 50°. Similarly, replacement 
of the methyl group in the phenylethylmethyl system by a 
larger primary group (n-propyl or n-butyl), leads to an 


increase in the magnitude of Ke DY¥edel aclOreGhaCangs Uhat 


ac 
50°. This latter result is somewhat Sic resi NG. Nowe aed L 
Populi pred los tueexplainroune than on sterlcegrouncs.., “nese 


data provide the first good evidence for steric effects upon 
the invers@oag oOfeacyclicupyramidal»sysLens.,4Aycomparisan lof 
the rates of racemization for the phenylethylmethyl, isopro- 
pylethylmethyl and cyclohexylethylmethyl systems, where the 
steric effects should be similar, shows that the rate can-« 
stants for racemization of these salts differ by less than a 


Pacwor Ot 2a. 


Attempts to prepare optically active triaryl sulfon- 
ium salts were unsuccessful. However, making the assumption 
that steric effects will be additive in log Sih then from 
our data we can estimate the rate constant for racemization 


at 25° for the triaryl salt system. 
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INTRODUCTION 


Although optically active sulfonium salts were 
first prepared in .1900 (1,2), and the first mechanistic 
studies meporntied in, 1930 (3),,it was not until 1966 that 
the first evidence for the inversion of sulfur in sulfonium 
ions was reported. Darwish and Tourigny (4), found that 
t-butylethylmethylsulfonium salts racemized more rapidly 
than they decomposed. At 50°, fin anhydrous methanol, the 
polarimetric rate constant, ke, was found to be about 10X 
larger than uae SLELiMnetricesTratascanstant, ky. A similar 
behaviour was found in other solvents. In order to deter- 
mine the mechanism which could account for the major path 
of racemization, a hydrogen in the t-butyl group was sub- 
stituted by an electron withdrawing or electron donating 


Group. The four compounds studied are shown below: 


I, X=H 
CH 
eecuecie iy sete 

eas C10; 
1 ~CH 4 III, X=CH 
3 3 

CH= X 

iV, Xst-He 


The relative rates of ethanolysis at 50° of compounds: 
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relative rates of racemization in ethanol at 50° were 
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In the solvolysis reaction, electron donating 
groups accelerated the reaction rate and electron with- 
drawing groups slowed the reaction rate. This is consis- 
tent with a mechanism involving heterolytic cleavage of 
the carbon-sulfur bond. This cleavage would result in 


formation of an ion - neutral molecule pair as shown in 


Figure I. CH 
+ A, CH A.; CH 
at o) a Rt s% 3 eA h 


 cH.cH, 47 ‘cH, CH Zz ; 


i ie $ 2825 


Ion-Neutral Molecule 
pair. . 


Rs 


Solvolysis Products 


Figure I. Sulfur-alkyl bond cleavage mechanism for 
racemization and solvolysis. 
The ion-neutral molecule pair can return to give racemic 
Starting material, or react with the solvent to give 
solvolysis products. If the major pathway for racemization 
was via this mechanism, then electronic effects would be 
expected to affect the rates. However, substitution accel- 
erates the rate of racemization whether the substituent is 
electron donating or withdrawing. This observation indicates 
that the major pathway for racemization involves a pyramidal 
inversion mechanism, which is not influenced by the electronic 
effect of the substituents, but is influenced by steric 
effects. Introduction of bulkier groups into the l-position 
of the t-butyl group, increases the non-bonded interactions 


in the ground state, which can be relieved in the planar 
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transition state for inversion, Figure II. 
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Figure II. Diagrammatic representation of inversion of SR. 
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Darwish and Hui (5), have made a study of the benzylethyl- 


methylsulfonium system. The following compounds were studied: 


VOLTS} “A=, Y=UCH 


They studied the effect of such substitution on the rates 

of solvolysis and racemization, and showed that the major 
BUCULONeU Tene eTecemtZouLon sor compounds Vimy Leanda ll. 
could be accounted for by a pyramidal inversion about the 
central sulfur atom. Electron withdrawing and electron 
donating groups were found not to affect the rate of racemi- 
ZaLilOnwsionifvcanthy. At rl in Ba ips methanol, all 
three compounds racemized with a rate constant Ck acm koe- ky) 
of about epalapes ie Under the same conditions, the rela- 
Live rates of solvolysis votes sl were ol 07 AL chal the 
rebative rates of, methanolysis ofs\i : Vil were dy e065, 
showing a significant electronic effect on the solvolysis 


reaction. Compound VIII was found to exhibit behaviour markedly 
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solvolysis over 10°x faster than V, in solvent methanol at 


ia) 


BO ,anci lsor7 k for compound VIII was found to be about 


rac’ 


15X faster than kK. for compound V. Since racemization by 


ac 
inversion was found not to be influenced by electronic 
affects, the accelerative effect of the p-methoxy group 
could not be explained by this mechanism. It was suggested 
that the major pathway for racemization was a carbon-sulfur 
bond heterolytic cleavage mechanism, already outlined in 
higubejthk. his rscheme,,accounted fon the acceleration of 
both the solvolysis and racemization rates. This would seem 


to be a reasonable process, since the highly stabilized 


p-methoxybenzyl cation would be formed on bond heterolysis. 


Further insight into the two pathways for racemi- 
zation in the benzyl system was obtained by Darwish and Po 
(6), in which the solvolyses and racemization of various 
substituted benzylethylmethylsulfonium salts were investigated. 


The following compounds were studied: 


IX, X=NO,, Y=H, Z=H 
Ay S=CUe eee -UCUe gecot 
CH.CH 4 
yar ea steal ae SeNnta se Vee yeae 
Y C oy) ScH 4 ’ 7 39 = 3 = % 
vl : XII, X=H, Y=Cl, Z=H 


ALLL AS, Y=CHas Z=H 


The relative rates of racemization in anhydrous methanol at 
SUseeO toa Bi teL Xt xX 2 AL os eK or ALL IC Were Ie Ue Oona a. 
IC oie oom. Gor elmo relative rates of SalvoOlysi Ss inder 


the same, conditions were: 1920.66 : 5840 2 65.5 3 0.75 3 3.25. 
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The racemization rate constants for compounds IX, 
XII and XIII were found to be very close to that of the 
unsubstituted compound. In these cases, the electronic 
effects of the substituents did not influence the racemization 
Wate Significantly. This is consistent with a pyramidal 
inversion about the sulfur atom, serving as a major pathway 
to racemization. This mechanism also explains the excess of 
polarimetric rate constants, ke, over the titrimetric rate 


GUNStanus,. k For example, compound IX was found to have a 


ra 
Paco Nek oe 
eg: 
Darwish and Hui (5), had earlier suggested that 
compound VIII racemized predominately via a process other 
than pyramrual inversiom, but by way of ah ton — neutral 
molecule species (Figure I). In the study by Darwish and 
Pom(G), it Was concluded that compound X also racemized 
predominately by way of this latter mechanism. Support was 
PpVeWieLo ett SebyYea StUdY ot campound Ki. Im this case, the 
racemization and solvolysis rates were slower than for VIII 
or IX. These decreases in rate are accounted for by steric 
inhibition of resonance by the two methyl groups, preventing 
tne methoxy grottp from becoming planar with ths aromatic ring. 
Hence racemization by nucleophilic displacement on the 


primary benzylic carbon by the ethyl methyl sulfide, was shown 


to be of minor importance. 


Darwish and Tomlison (5), have investigated the 


racemization and solvolysis of phenacylethylmethylsulfonium 
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XIV 
Kenyon et al (3) showed that racemization of phenacylethyl- 
methylsulfonium iodide involved a displacement of ethyl methyl 
sulfide by a reversible nucleophilic attack on carbon by 


the anion, as shown in Figure III. 


0 
il CHEECH \ CH, CH. 
Cpt Be Oo Rt? pamraas (-CH,I + S% 
CH CH. 


Figure III. Racemization via attack by a nucleophilic anion. 


This mechanistic pathway is not possible with the 
perchlorate salt, because the perchlorate anion is non 
nucleophilic. Compound XIV was found to racemize 600X 
faster that it solvolyzed at oe en anhydrous methanol, the 
loss of optical activity being due to racemization and not 
decomposition of the substrate. Racemization via carbon- 
sulfur bond heterolysis to yield an ion-neutral molecule 


pair can be dismissed, since it is energetically unfavourable. 
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The only mechanism which was consistent with the rate 
difference between solvolysis and racemization, and the 
observed products of solvolysis, was pyramidal inversion 


about the central sulfur atom. 


Darwish and Tomlison (7), also investigated the 
racemization and decomposition of ethylmethylphenacylide, 


XV. 


XV 
Compound XV was found to racemize about 100X faster than it 
solvolyzed, the loss of optical activity again being ane to 
racemization, and not decomposition of the substrate. The 
only reasonable mechanism to account for the racemization is 


by pyramidal inversion about the central sulfur atom. 


This work also showed that compound XV racemized 
200X faster than compound XIV in anhydrous methanol at ane 
Two suggestions were put forward for this. fFanskdy the lone 
pair of electrons on the sulfur atom will have more s-character 
in the sulfonium salt than in the corresponding ylide, since 
the phenacylide group is more electropositive than the 
phenacyl group (8). As a result, the sulfur-alkyl bonds will 
have more p-character in the salt than in the ylide. A 


consequence of this will be that the ylide will have a more 


nearly planar configuration. Since the transition state 
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for pyramidal inversion is planar, one would expect that the 
energy of activation would be correspondingly less for the 
ylide than for the salt, enabling it to racemize at a faster 
rate. The second suggestion is that p-dt@ bonding might be 
better at the transition state for the ylide than at the 
ground state. Since the sulfonium salt is incapable of this 
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This thesis presents the preparation of several 
optically active sulfonium perchlorate salts in which aryl 
groups were attached directly to the central sulfur atom. 
Racemization via carbon-sulfur bond heterolysis to form an 
iohpe- neutral molecule pairvis a highly unlikely process in) the 
systems studied, as is nucleophilic displacement by the 
anion, due to the extremely weak nucleophilicity of the 
perchlorate ion. Consequently we would expect the mechanism 


of racemization to be one involving pyramidal inversion. 


In the systems studied there is the possibility of 
resonance interaction between the aromatic ring and the 
positive charge on sulfur, consequently, electronic effects 


may play a part in the racemization process. 


Steric effects on the rates of solvolysis and 
racemization have also been investigated by the introduction 
of bulkier groups around the central sulfur atom. Attempts 


to prepare optically active acyclic triaryl sulfonium salts 
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were unsuccessful. However, results from the monoaryl and 
diaryl systems can give us an estimate of the half-lives 


for racemization of these compounds. 


CHAPTER I 


MONOARYL SULFONIUM SALTS 


This chapter describes the synthesis and resolution 
of several monoaryl sulfonium salts. Electronic effects 
upon the racemization process were investigated My, intro- 
ducing various groups into the para position of the benzene 
ring. The effect of both electron donating and electron 
withdrawing groups will be discussed. The solvolysis and 


racemization rates of the following systems were studied: 


gy CTA 
+ CH, CH. ay : 
x one i III, X=OH 
CH. i 
BEA ete 
IV, X=NO, 


Data has also been obtained on the isopropylethylmethyl 
Svstom, eve olnce an Lsopropy)l group is Similer in size to a 
phenyl group, then on steric grounds, the isopropylethyl- 
methyl and. phenylethylmethylsulfonium systems should exhibit 
similar racemization rates, if pyramidal inversion is the 


mechanism. 


Tentative data has also been obtained on the 


cyclohexylethylmethyl system, VI. The optically active 
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perchlorate salts were isolated as Oris; all attempts to 
obtain crystalline materials were unsuccessful. No elemental 
analysis was done, and although clear, colorless oils were 


obtained, their purity is suspect. 


SYNTHESIS AND RESOLUTION 


Blisthe salts, with the exception of the isopro- 
pylethylmethyl system, were prepared by the same general 
procedure. This involved preparation of the appropriate 
Sulfide, followed by reaction with Meerwein's Reagent (17), 
to yield racemic arylethylmethylsulfonium fluoroborate 


Salts. Figure IV outlines the route used. 


The isopropylethylmethyl system was prepared by 
reaction of isopropyl ethyl sulfide with methyl iodide, 
using acetone as solvegt. Preparation of 211 eulfides, together 
with reaction conditions, are given in the experimental 


section. 


Exchange of the fluoroborate anion was accomplished 
by conversion to the hydroxide, using a DOWEX 1-X8 anion 
exchange resin in its hydroxide ion form, followed by 
neutralization of the resulting sulfonium hydroxide with the 
appropriate acid. The optically active salts were obtained 
by resolution of the (-)-2R,3R-dibenzoylhydrogen tartrate 
Salts. This proved to be unsuccessful for the cyclohexyl- 
ethylmethyl system, resolution being finally achieved with 


o-bromo-W-camphorsulfonic acid. After separation of the 
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diastereoisomers, the optically active perchlorates were 
prepared by passage of the resolved 2R,3R-dibenzoylhydrogen 
tartrate salts through the anion exchange column, followed 

by neutralization of the eluent with 5% methanolic perchloric 
acid. The p-nitrophenylethylmethyl system was an exception. 
The 2R,3R-dibenzoylhydrogen tartrate salt was found to be 
almost insoluble in methanol, secondly, passage through the 
anion exchange resin resulted in some decomposition of the 
salt. Consequently, the perchlorate salts were prepared by 
direct titration of the 2R,3R-dibenzoylhydrogen tartrate 


Salts with methanolic perchloric acid. 


All compounds, except for the isopropylethylmethyl 
and cyclohexylethylmethyl systems gave satisfactory analyses. 
These, together +with nmr.’ and i.r.’spectra and melting 
points, are reported with the detailed synthetic procedures 


in the experimental section. 


K. Ke Anderson (9) has recently reported the synthesis 
of optically active p-tolylethylmethyl and p-tolylbutylmethyl- 
sulfonium salts, by treatment of alkoxysulfonium salts with 


dialkyl cadmium compounds. 


SUV ULNS ISP STUDIES 


The kinetics of the methanolysis of the monoaryl 
sulfonium perchlorate salts were studied by following the 
rate of appearance of acid. Each mole of sulfonium salt 


produces upon methanolysis one mole of acid. 
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The p-hydroxyphenylethylmethyl system was an exception. 


Two factors complicate the method employed for the other 
salts. Firstly, the methanolysis reaction was found to be 
very Slow, secondly, the phenolic proton is also titrate- 
able with base (sodium methoxide). For this latter reason, 
the methanolysis reaction was followed using ultra-violet 


Spectroscopy. 


Both the isopropylethylmethyl and cyclohexylethyl- 
methylsulfonium perchlorates underwent very slow methanolysis 
at 90°. A rough estimate of the first order rate constants 
for both systems are given in Table I. All reactions 
followed first order kinetics. The titrimetric rate constants, 


k were calculated from the relationship: 


te! 
Ky = 2.303 log Vgg - Vo 
Veo ~ Vy 
where V, is the titer at time t. Reactions were usually 


t 
followed to ca. 85% completion, and a good straight line 


was obtained when the logarithm of (Uso- Vy ) was plotted 


against time t. 


The first order methanolysis rate constants when 
the aryl group is phenyl, p-anisyl, and p-nitrophenyl, 
plus the approximate value for the cyclohexylethylmethyl 
and isopropylethylmethylsulfonium systems, are shown in 
Table st. “A typical titrimetric rate analysis is shown in 
Table II. Figure V illustrates the corresponding kinetic 


plot of log (o> Vy) vs. time. 
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TABLE I 


SORWOMYS VS OF ORA CAMT GLAR YE THY EME THYESULE ONIUMSPERCHLORATES, 


CYCLOHEXYLETHYLMETHYL AND ISOPROPYLETHYLMETHYLSULFONIUM 


PERCHLORATES IN ANHYDROUS METHANOL. 


SYSTEM TEMP (Sact] = (2, 6-LuTIDINE] 10°k, 
fb aris fence 
Phenyl 90 0.0231 = 6.58 + 0.07 
Phenyl 90 0.0218 0.0497 6.51 + 0.016 
p-Anisyl 90 0.0199 ~ imegg 
p-Anisyl 90 0.0187 0.0530 Lae 
p-Nitrophenyl 530 DeO02U5 0552 EA alan: dies SNES 
p-Nitrophenyl 70 ie ge 0.0583 ase 8) 1h 21 
Cyclohexyl 90 0.0376 a cate leis 
Isopropyl 90 0.0185 = Ganeteos 
CH 
EDP oS ie i 
b CH.CH 
Desens 
b) Sinitial rates 


o) 


only approximate values were obtained 
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METHANOLYSIS OF RACEMIC PHENYLETHYLMETHYLSULFONIUM 


PERCHLORATE IN THE PRESENCE OF 2,6-LUTIDINE AT 90.00° 


Ns SSS SSD 
SS SSD 


[Salt] : 0.0218; [2,6-Lutidine]: 0.0497 


Alzquot: 5.008ml.; Titrant: NadQCcH 0.0365M 


t 5 
Indicator: Phenolphthalein 
Theoretical infinityvtiter: 2.986 ml. 


Experimental infinity titer: 2.855 ml. 


TIME TITER log (Voo-V, ) 10°k 


(x10° sec) (iol) | fence) 


0.00 0) las 0.4556 = 
0.66 0.150 0.4527 6.59 
1.35 0.250 OeAs7S 5.98 
fbn Ms 0.410 0.4101 6.67 
2.97 0.509 0.3939 6.26 
Aen 0.793 0.3410 6. 60 
6.57 1037 0.2898 tern 
9.36 1.316 0277 6.49 
1206 57 1 0.1507 6.54 
16.05 1.865 0.0494 6.53 
20.16 2n1a4 1.9304 6.78 


AVERAGE See Rea 
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SOLVOLYSIS OF P-HYDROXYPHENYLETHYLMETHYLSULFONIUM PERCHLORATE 


As mentioned previously, two difficulties arose in 
the methanolysis of this salt. Firstly, the methanolysis 
was found to be extremely slow. This is to be expected, 
because of the resonance effect of the p-hydroxy group 
stabilizing the positive sulfur, making nucleophilic attack 
by solvent methanol less favorable than in the unsubstituted 
compound. The major difficulty however is that the methan- 
olysis reaction cannot be followed by normal titration 
techniques, since the phenolic proton is also titrateable 
with base. An estimate of the rate was obtained using 
ultra-violet spectroscopy. The absorbances of the phenoxide 
FOnefOrmeCmstnurculioniumesalt,. and phenoxide 10n ftorm)o. 
the sulfide produced in the methanolysis reaction are 
different. Consequently, if the reaction is quenched at 
appropriate time intervals and the phenolic groups of the 
unreacted sulfonium salt and formed sulfide converted to the 
phenoxide ion forms with base, then the decrease in absorbance 
of the salt with time gives a rough measure of the rate. 
Precise details of the method are given in the experimental 


section. ae results obtainedsare shown in Tables lil ana Wi. 


RACEMT ZATION STUD LES 


Racemization rates were obtained by following the 
disappearance of optical rotation with time. A Perkin- 


Elmer Model 141 Polarimeter, using incident light beams of 
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436 mp and 365 my, was employed. At these wavelengths, 
the optical rotation is larger than at the sodium D line 
(589 mu), thus permitting a greater precision in the deter- 
mination. Rates were run either using sealed ampoules 
(Method I), or the entire reaction was conducted in a 
Pretec rated DolLarimetriceatubpea (Methou) Il). seine first 
order rate constants were calculated from the relationship: 

KOet = og Xo OC, 

Ko Xt 

where O, is the rotation at time t. Reactions were usually 
followed to ca. 85% completion, and a good straight line 
was obtained when log oe was plotted against time t. 
Typical racemization rate analyses are shown is Tables V 
angavie  hagures Vivand Vil allustrate the» carresponding 


kinetle plots of loo (OC 50% ) vs. time. 


The rate constant, k ther spect hicyrairst. orden 


1 7 
Tatemconstant tor the scoanversion of one senantiomer to-sanather, 


can be calculated from the observed rate constants as follows: 


Kage 6 keok,? 


where kg is the polarimetric rate constant, and kK, the 


titrimetric rate constant. Only in the p-nitrophenylethyl- 


methyl system is k, of any significance. Generally it can 


t 


be assumed that: 
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TABLE V 


RACEMIZATION OF (+)-PHENYLETHYLMETHYLSULFONIUM PERCHLORATE 


IN ANHYDROUS METHANOL AT 50.00° 


Method If 


et ie 
(x10> 


sec) 


[Salt]: 0.0395 


KX 


50 


A36°r 


+0.140 


+0.133 


+02.1.25 


SW, Mas 


+O US 


+0.102 


+0.097 


+0.087 


+0.079 


+0.072 


+0.063 


+0,.058 


+0. 019 


0.000 


log ee ae) ia Neyer 
feacue) 
Woke = 
AS17225 2.85 
1.0969 ahs bE 
M0755 Lips Ofil 
pea eal 2.98 
1.0086 2703 
2.9868 2.91 
2.9395 2.94 
2.8976 2.89 
2.8573 2.84 
Pero 2.96 
i207 634 2.88 
2.2788 2.91 
AVERAGE: 27.94 °90),.06 
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Time, 10° seconds 


Figure VI. Racemization of (+)-Phenylethylmethylsulfonium 
perchlorate in anhydrous methanol at 50.00° 
(Wethodeliy. 
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RACEMIZATION OF (-)-PHENYLETHYLMETHYLSULFONIUM PERCHLORATE 
IN ANHYDROUS METHANOL AT 50.00° 


Method I [salt]: 0.0303 
TIME OCF emp log (%-o, ) 10° kee 

(x10° sec) (sec) 
0.0 BS aca bral e2504 — 
3.66 cnhtsyayy 1.1818 3.06 
1162 =i oa egal op Le 
10.80 -0.126 e004 Ore 
14.40 nati Hn0455 2.96 
19.96 =ao7 2.9868 2.83 
26.10 =Ue003 2.9191 Pan pa 
35.10 -0.064 2.8062 2578 
Nels SO -0.050 2.6990 2.89 
81.24 08017 2.2304 2.83 


Ao 96 20 0.000 — — 


AVERAGE: Fae ste ome dBi mia 
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lo 4 (oc = Ce, ) 


Ealigu nme aV bl. 


10 20 30 40 50 


Time, 104 seconds 


Racemization of (-)-Phenylethylmethylsulfonium 
perchlorate in anhydrous methanol at 50.00° 
(Method I). 
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TABLE VII 


RACEMIZATION OF MONOARYLETHYLMETHYLSULFONIUM PERCHLORATES 


IN ANHYDROUS METHANOL 


SYSTEM Temp = 1someR [SALT] 10 kee 
(Ar-x)* (sec’*) 
Phenyl 50 + 0.0395 2.94 2 0.406 
Phenyl 50 = 0.0303 ASE oie Ul 
Phenyl 70 - 0.0284 Chars > ai ie 

Phenyl 90 = 0.0285 aphe} IAS 
Phenyl 90 + 0.0402 DAG az 
Phenyl 25 + 0.0421 iMiVeeeoten 
p-Anisyl 50 f 0.0348 ACY) Sele ils 
p-Anisyl 50 : 0.0297 Reps EO 
p-Anisyl 70 + 0.0293 S7TY 8. = ley 
p-Nitrophenyl 50 w 0.0350 Gates Wn 
p-Nitrophenyl 50 7 0.0306 3.43 = 0.05 
p-Nitrophenyl 70 + 0.0335 45.0 - 0.6 


ag. > pg.s 
t£.o > v8.s 


a.l ree.) 


TABLE ViIIi 


RACEMIZATION OF ISOPROPYLETHYLMETHYL®? © AND CYCLOHEXYLETHYL- 


METHYLSULFONIUM®? PERCHLORATES IN ANHYDROUS METHANOL 


SS 
rr 


SYSTEM TEMP ISOMER [sat] Tete 
CR=xa (sec7!) 
Isopropyl 50 = 0.0613 LYE 2S (We 12: 
Cyclohexyl 50 + 0.0456 8.55 © 0.18 
Cyclohexyl 50 _ 0.0531 8.50 = 0.84 
Cyclohexyl 25 + 0.0492 D.245m- 0.002 


a) .Neither salt could be obtained as a crystalline solid. 
and both gave poor elemental analyses. 


b) only one isomer could be obtained 


(tase) 
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DISCUSSION 


The methanolysis rate constants vary with the 
nature of the group in the para position of the benzene ring. 
Electron withdrawing groups increase the rate, whereas elec- 
tron donating groups decrease the rate, compared to the un- 
einsttetted compound. This is consistent with a mechanism 
involving carbon-sulfur bond heterolysis, to yield the aryl 


alkyl sulfide and an ether, as shown in Figure VIII. 


8 ; H 
eek e a | re 
Eee eee eat te RSet Ly 
a C107 
CH.,OH 4 
3 
Figure VIII. Possible methanolysis mechanism for arylethyl- 


methylsulfonium perchlorates. 


The reaction takes place presumably via a concerted mechanism, 
Since formation of ethyl or methyl carbonium ions is energet- 
ically unfavorable. Electron withdrawing groups in the para 
pasition of the benzene ring will increase the positive mature 
GErchessultum, facilitating attack bY the solvent sae) alect ron 
donating groups will decrease the positive nature ca the 


sulfur, inhibiting attack by the solvent. 


A comparison of the solvolysis and racemization 
rate constants for each compound shows that only in the 
p-nitrophenylethylmethyl system IV, is solvolysis playing 


a part in the racemization process. However, even then, 
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only about 10.5% solvolysis has occurred when the salt is 
completely racemized. Thus the assumption can be made, that 
for the systems studied, excluding IV; 
EOSSSORSOPTECARTACTIVITYRSike = 2k1. 
Similarly, for the isopropylethylmethyl, V, and cyclohexyl- 


ethylmethyl, VI, systems, racemization was found to be very 


much faster than solvolysis. 


For all compounds reported, excluding compound IV, 
we find: 
Koc 
— > 300 
Ay 


SO kK oat Koe within 0.3%. 


The relative rates of racemization in solvent 
methanol at Sia)” are as follows; 


Tos Way EL es Tle as es 


One:wfeaturesis. clear from. the relative, rate, data, that is, 
aryl. groups do not have an appreciable electronic effect 
upon the rate of racemization. A comparison of II, III and 
IV with I, shows that introduction of a p-methoxy, p-hydroxy 
or p-nitro group into the benzene ring, leads to an increase 
in the rate of racemization of less than_a factor of. 2. 
Unlike the solvolysis data, both electron withdrawing and 
electron donating groups increase the rate of racemization 
by small amounts, thus eliminating a racemization mechanism 


via carbon-sulfur bond heterolysis. 
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In the presence of one equivalent of sodium meth- 
oxide in methanol, compound III is converted to the corres- 
ponding zwitterion (p-O), this dipolar species was in fact 
isolated as a solid in optically active form, IIIA. This 
compound racemized only 4.2X faster than I, again confirming 
that any electronic effect associated with substitution on 


the aromatic ring is small. 


Darwish and Tourigny (4), in their study of the 
t-butylethylmethylsulfonium system showed that any increases 
in racemization rate, obtained by placing substituents in 
the l-position of the t-butyl group, could be explained in 
terms of steric effects, and not electronic effects. Good 
evidence was obtained for a racemization pracess involving 
pyramidal inversion about the central sulfur atom. Similarly, 
a study of the benzylethylmethylsulfonium system (5,6), in 
which substituents were introduced into the meta and para 
positions of the benzene ring, showed that the major portion 
of the racemization process could be accounted for by pyramidal 
inversion. Again, electron donating and electron withdrawing 
groups were found not to affect the rate of racemization 
Significantly. Darwish and Tomlison (5), also found phen- 
acylethylmethylsulfonium perchlorate to racemize 600X faster 
than it solvolyzed, in methanol at 7s In the same communi- 
cation (5), it was pointed out that the benzylethylmethyl 
system racemized only twice as fast as the phenacylethylmethyl 
system. | This is not surprising, since non-bonded interactions 


would be expected to be very similar in both systems. The 
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result also indicates that any electronic effects are very 


small if oresent atiall. 


The t-butylethylmethyl system racemizes much faster 
than the phenacylethylmethyl system, this is consistent with 
the t-butyl group being much larger than the phenacyl group, 
causing a steric acceleration of rate. The non-bonded inter- 
actions in the phenylethylmethyl system will be greater than 
in either the Shenaeyretny ieee or benzylethylmethyl 
systems, consequently, an increase in rate would be expected 
on steric grounds. However, the t-butyl group is larger 
than a phenyl group, consequently, the phenylethylmethyl 
system would be expected to racemize slower, which is observed. 


ihegresults are shown for,comparison-im Table X. 


The isopropyl and cyclohexyl groups are similar 
in size to a phenyl group, and a consideration of the non- 
bonded interactions would lead to a prediction of similar 
rates of racemization for the isopropylethylmethyl, V, and 
cyclohexylethylmethyl, VI, systems, if pyramidal inversion 
is the mechanism. The relative rates of racemization in 
anhydrous methanol at 50° for 1 Al SR ie cemh Dojo k sie. 
2.97. the results indicate that some steric effect is in 


operation in the cyclohexylethylmethyl system. 


Darwish and Tomlison (7), removed a methylinic 
proton from the phenacylethylmethylsulfonium system which 
Tesultea in formation of a sulfonium ylide, Figure IX, 


This was later isolated in optically active form. 
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TAB EES 


A COMPARISON OF THE RACEMIZATION RATES OF VARIOUS SYSTEMS 


Res hOCie: 


SYSTEM SOLVENT 10%, 50 
(Rex): (eece) 


Phenacyl> anhyd. methanol Be 
(3x107°m HC10,) 

Benzyl° anhyd. methanol Be 

Phenyl - anhyd. methanol ous. 0 

t-Butyl® anhyd. methanol 440.0 


SS ete oe 


CH. 


CH, CH. 


b) Reference 5 


c) Reference 4 
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Figure IX. Resonance forms of ethylmethylphenacylide. 


The ylide was found to racemize 200X faster than the sulfon- 
ium salt in methanol at 50°. Two possible explanations were 
put forward for this, both of which have already been out- 


lined in the introduction. 


One explanation was that p-d7l bonding might be 
DeLEere in tne transition stave For tha ylide than in -cupe 
ground state. The sulfonium salt is incapable of this type 
of stabilization of the transition state, and hence a higher 
barrier to inversion might be expected. In the arylethyl- 
methyl system, there is the possibility of direct resonance 
interaction between the ring and the positively charged sulfur 
atom via p-di7 overlap. If stabilization of the transition 
state via p-d7 bonding occurred in these systems, then it 
might be expected that electron donating groups would increase 
the racemization rate, relative to the unsubstituted compound, 
whereas electron withdrawing groups would decrease the rate, 


relative to the unsubstituted compound. From the results, 
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it can be concluded that stabilization of the transition 
State by resonance is very small, if Bpregenteateallon A 
Further possibility is that stabilization by resonance is 
just as likely to occur in the ground state as it is in the 
transition state. In any molecule where sulfur is Surrounded 
by groups in a tetrahedral arrangement, Il -bonding can occur 
between suitable orbitals of the Surrounding groups and the 
sulfur orbitals, Ga2 a2 and d_2 (10). These orbitals are 
more favorable for Tl-bonding than the other d-orbitals of 
sulfur, both geometrically and energetically. Consequently, 
the p,-orbital of the carbon atom on the ring, adjacent to 
the sulfur, can participate in p-dT overlap with either 
orbital of the sulfur-in the ground state. In the planar 
transition state for pyramidal inversion, the two d-orbitals 
of sulfur which are geometrically more favorable for p-d7I 
overlap are the oye and oe orbitals. Although the a 
orbital is higher in energy than the d,, orbital, p-diT 
overlap might be expected to be at least as favorable in 


the transition state as in the ground state. 


The largest increase in racemization rate was 
observed with the p-phenoxyethylmethyl system. The-phenolic 
proton in the p-hydroxyphenylethylmethylsulfonium system is 
readily removed by addition of a strong base such as sodium 
methoxide. Using ultra-violet spectroscopy, the p-hydroxy- 
phenylethylmethylsulfonium perchlorate was found to exist in 


both phenol and phenoxide ion forms in solvent methanol. 
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The spectroscopic data for the salt under various conditions 

is shown in Table XI. The absorbances and extinction coeffi- 
cients without any added acid or base are estimates obtained 
From the spectra. Using these values, and the absorbances 

of the compound in the presence of large excesses of acid 

and base (i.e., completely in phenolic and phenoxide ion forms), 
the concentration of the dissociated and undissociated species 
in methanol were calculated. The salt was found to be ca. 


45% dissociated, with a pKa value of 4.55. 


Bordwell and Boutan (11), have investigated the 
acidity of p-hydroxyphenyldimethylsulfonium p-toluenesul- 
Fonate and p-bromobenzenesulfonate salts, obtaining a pKa 
Value sof 7.30 4in water at 25ep in both cases. They also 
found the p-hydroxyphenyldimethylsulfonium salt to be about 
twice as acidic as the m-hydroxyphenyldimethylsulfonium Sait, 
suggesting that the greater acidity is best accounted for 
by assuming a conjugative interlocking between the Bae (cH) 


and -O groups. 


The p-hydroxyphenylethylmethyl system is of special 
interest, since removal of the phenolic proton should result 


in formation of a dipolar species, as shown in Figure X. 


(see over, Figure X.) 


Passage of a methanolic solution of optically active 
p-hydroxyphenylethylmethylsulfonium perchlorate through a 
Dowex 1-X8 anion exchange resin in hydroxide ion form, remov- 


ing the solvent methanol, and pumping the oily residue under 
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Figure X. Formation and resonance forms of the dipolar 
Species from p-hydroxyphenylethylmethylsulfonium 
perchlorate. 

vacuum, yielded an optically active white solid. The solid 


was found to be very soluble in hydroxylic solvents yielding 


a basic solution, however it was insoluble in chloroform, 


carbon tetrachloride, acetone and dimethylsulfoxide. Attempts 


to determine the exact structure of the material were unsuc- 
cessful, full details of the experiments performed are given 
in the Experimental. Racemization rates run on the material 
are shown in Table XII. The rates at 50.00° and 70.00° in 
anhydrous methanol as solvent are, within experimental error, 
identical with those obtained for the p-hydroxyphenylethyl- 
methylsulfonium perchlorate salt, when run in the presence 
of sodium methoxide (Table IX). It is noteworthy that even 
under these conditions of a strong electron donatingeoroup, 
only a four poitircrease in rate is observed over the unsub- 
stituted compound, giving further evidence that electronic 


effects in the racemization of arylethylmethylsulfonium salts 
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RACEMI ZATION OF DIPOLAR SPECIES PREPARED FROM OPTICALLY 


ACTIVE P-HYDROXYPHENYLETHYLMETHYLSULFONIUM PERCHLORATE 
ee eee 
ee eee ee ee eee et re ae aa ee 


SOLVENT : Anhydrous Methanol 


ISOMER TEMP CONCENTRATION 10 kg 


(9/10 m1) (sec_ 
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are small. 


The results of substituent effects on the relative 
rates of racemization of arylethylmethylsulfonium salts 
indicate that racemization occurs almost exclusively via 
inversion about the central sulfur atom. Carbon-sulfur 
bond heterolysis is a highly unlikely process, formation 
of a carbonium ion - neutral molecule pair being energet- 
ically unfavorable. Electronic effects are Sita Lier po tt 
electron donating and electron withdrawing groups increas- 
ing the rate slightly. Stabilization of the transition 
state relative ‘to the ground state via p-di bonding between 
the ring and the positively charged sulfur cannot be dis- 
counted, especially in the p-phenoxyethylmethyl system, 


Dut the etfect#is small if oresent at all. 
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TEMPERATURE EFFECTS ON RACEMIZATION 


Increasing the temperature increases the race- 
mization rate. To determine the effect of temperature on 


the rate, the Arrhenius equation was employed: 


= g7ea/RT 


PoRereactians in Solution, the heat of activation 


issqiven, by (12); 


AH* = Ea-RT kcal/mole. 


Lie sent ropy sot act. vat tion, Ast, is derived from 


the equation (12): 
Ast/R = -ant/et 
k = k,T e . 8 2 


BF 


where Ke is Boltzman's constant and h is Planck's Gonscant. 


Thus at 50°: 


O + 
Aer LEG (ly EE ae A $=) sre 


1 4.576X10-~ T 


where ky 1SeChepSspeciticerinsuorder rate scons tanto taahe 


conversion of one enantiomer to the other. 


Results for the activation parameters are’given 


Mat Wall =e 94a 
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ACTIVATION PARAMETERS FOR RACEMIZATION OF THE MONOARYL- 


ETHYLMETHYL SYSTEMS AT 50.00°. 


Ar-x? Aut Ast 
(kcal/mole) Cove.) 
ea ee Ee ee PS 5k oS ee 
Phenyl pussy Sia Ale aie 
p-Anisyl Ae Sera Gilhaf ‘elites rai 
p-Hydroxyphenyl 28.8 2 0.5 Sipe cee whe 
p-Phenoxy iiss) SS (yt 55 Oat S 
p-Nitrophenyl Ae Ea The Grae lee 
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EXPERIMENTAL 


PHYSICAL MEASUREMENTS 


All melting points 
rected. Melting points were 


point apparatus, using a set 


Refractive indices 


and boiling points are uncor- 
taken on a Hershberg melting 


of Anschutz thermometers. 


were recorded on a Bausch and 


Lomb Abbe - 3L Refractometer which was thermostated at Heal 


Infrared spectra were recorded on a Perkin-Elmer 


Infrared Spectrophotometer, model 421, using sealed sodium 


chloride "cells. 


Nuclear magnetic resonance spectra were recorded 
on Varian analytical Spectrophotometers, models A-60 and 


A 56/60, and on a Varian HA-100. 


Ultra-violet spectra were obtained using a Perkin- 


Elmer Ultra-violet - Visible Spectrophotometer, model 202. 


Optical rotation measurements were obtained on a 


Perkin-Elmer Polarimeter, model 141. 


Elemental analyses were performed by Mrs. D. Mahlow 


ano irs, Ar Ounns 
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SOLVENTS, REAGENTS AND MATERIALS 


Anhydrous methanol 


This was prepared by Lund and Bjerrum's method 
from commercially available reagent methanol (maximum water 
0.02%) by treatment with magnesium methoxide, as described 
Bympbesore ls) bam 632 eat. 705° ime mAiKaribehisrhe retiree 
tion (14) was performed, and showed that the solvent con- 


tained less than 0.001% water. 
2,6-Lutidine 


Eastman Practical Grade 2,6-Lutidine was dried 
Over potassium hydroxide for several days, followed by 
refluxing over and distillation from barium oxide, as 
described by Fieser for the preparation of anhydrous pyri- 
dine (15). The centre cut from this distillation was treated 
with boron trifluoride as described by Brown et al (16). 


Pure 2,6-Lutidine was then fractionally distilled from this 
7s 


mixture, b.p. 139-141" at 705 mm. Np 1.4954 (reported 
(16): b.p. 143° at 760 mm., 1. 1.4953).. 


Standard sodium methoxide solution for titrations 


A weighed amount of freshly cleaned sodium was 
added to one gallon of Reagent Grade Methanol. The result- 
ing solution was standardized with Fisher Certified Primary 
Standard potassium hydrogen phthalate in water, using 


phenolphthalein as indicator. Restandardization showed the 
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Solution to be stable for at least two years when it is 


Stored in a tightly-stoppered dark bottle. 


Triethyloxonium fluoroborate 


Prepared as described by H. Meerwein (17). No 


analysis was done. 


Trimethyloxonium fluoroborate 


Prepared as described by H. Meerwein (17). No 


analysis was done. 


(-)-2R, 3R-Dibenzoyl tartaric acid monohydrate 


Prepared as described by Butler (18). 


Phenyl methyl sulfide 


Prepared by the method of Barnard, McFabian and 
Koch (19), 


Yield: 89%. b.p. 60-62° at 6 mm. (reported (19): 80° at 


Zo 25 
D D 


Cheats) Jorn 84.5 OH) 5026-00 —Seel8 a(n, SH) eel nf raredenea tors 


ToAcemmst on 1.58633 (reported (19). A 1 5370 eee Neaere 
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3060, 3070 aa 


Phenylethylmethylsulfonium fluoroborate 


A 20 g. (0.16 mole) quantity of phenyl methyl 


sulfide was dissolved in 50 ml. of diethylether in a 500 ml. 


round bottomed flask fitted with a drying tube. The flask 
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was flushed with nitrogen gas and 35 Gaal teamobe) of 
triethyloxonium fluoroborate was added. The flask was again 
theshed guitth nitrogen, the drying tube replaced, and the 
mixture stirred magnetically. The reaction was allowed 

to proceed overnight, after which time an oil had been 


BEauueed,, insolup le in ether, 


Crystallization of the oil from methanol/diethyl- 
ether solution resulted in formation of a Slightly hygro- 
Scopic white solid. The salt was recrystallized a further 


2X from methanol/diethylether solutions. 


Vield: 80%. m.p. 31.5-33.5  (dec.) N.m.r. (dimethylsulfox- 


ide-d,): apslca( hie (Gein Gla Rolents Aiah Ter yerron)) 9 <Sntcicw Caper th maine aatewe 
(q,2H), 1.68-2.50 (m,5H). The quartet was split due to the 
methylene group's being adjacent to an assymetric centre 
This was hound to be so for all the systems studied, 
Geared iindjoljses 6357755, sl) 995, 10Z0hd0Sn.. 14940 
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Phenylethylmethylsulfonium ZR, 3R-dibenzoylhydrogen Laro rate 


A 30 g. (0.125 mole) quantity of phenylethylmethyl- 
sulfonium fluoroborate was dissolved in a minimum quantity 
of reagent methanol and passed through a Dowex 1-X8 anion 
exchange resin in hydroxide ion form. The column was 
eluted with methanol until the eluent no longer gave a basic 
test with phenolphthalein indicator. The eluent was allowed 


LOmoi Oe vom SOLUti OMe Ol aii Ur aer Wiel omud oy mod mC lees 


eee 


amas a pein a Gen 
‘Rene ay) 198 he eal 


-Lydiwsb\i one tén-men fiat 1éng) Sens bie Sey ry 
“ogpy" Ydseplle Lo nihienetl nl bativest aolésios tente 

goriau ae beviligJey9oes few tice ant “,htfog o40w adqgaee 
roffvle’ satel yatsib\lansiten, moat xt iy 


ee. Bes 2, 2 ne 
emptlvedy tem ili) iste (oe! a €5-8,12 sqm AGB ruleoty _ 


it ~O=ORie | Wye) bee | ce my as) c PA eos tC. ch) ay fe 1 ( ,e-sb 7 
at? of Bub ddige chase JodzedpwseNt . .(veyme ee ee | AHS .p) ’ 


eoiney odvidmyree ag od inasnite oriede! qdotg, aneketaem 7 


—_ 
7 


~ yo Tau d= ein ey= et® Jie-is) he, ad aT Weve? eeu 2idT 


Ae : : os ; 
One, ear-nent: 20 way ,edt-.088, s (Loti) eee ae 4 
me | "a0; 08d 


sibiyHht eel yrtidwl ydurse, Yer ys E Nene (lsu ae..0e) uO A. - - 
yAbinsup megicine Oh bavinecth gu Shesegne kel oulaotiea : 

Ee - none “htt cewol © dewey hamrng: 008 Tonshdem | “a , 
“ies dea Gavkny vAT .8FO¥ ood sbineahyt Ad ndnws’, 
| “aden 8 pvap: legac: sims vex counnely Aone: 
Heb we '96 (ove) ag tht | 


a ein bt : en 2 a 


ed 


ts 
~ 


dibenzoyl tartaric acid, dissolved in diethylether. After 
the exchange was complete, the solvent was SLC Lop ed of fs) 
the rotary evaporator until the volume had been considerably 
reduced. Diethylether was then added, producing precipi- 
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Yield: 95%. m.p. 107-109°, lie edb sys ton coe aya haya 
anhyd. methanol). N.mr. (dimethylsulfoxide-d-): SosgZ 
Gipe dee (2560. DP. S. ji, O70 (Ss, ody, oe a 7 UGy i) jee 
(s, 2H), Veo ede (m, lS), cleo (ail) Int taredet naga) 
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Ihess@lt was resolved by fractional crystalliza- 
tion from methanol/diethylether solution. After LSS 0 Dyan 
the salt in methanol, diethylether was added dropwise from 
a teat pipette until crystallization just occurred. The 
flask was cooled to 5° and left oOVvernLlont. Mie mMotoer 
liquor was then carefully poured off and the remaining cry- 
Sstals collected and washed well with diethylether. Addition 
of diethylether te the mother liquar resulted in precipita- 
tion of the other diastereoisomer. The same general pro- 
cedure was used for subsequent systems. However, it should 
De spoEnbed OUe that Ene point al Which Crys uel lise Geog 
first occurs is a nebulous one, and several attempts were 


usually needed to obtain separation. 
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Racemic phenylethylmethylsulfonium perchlorate 


A 10 g. (0.042 mole) quantity of phenylethylmethyl- 
Sulfonium fluoroborate was dissolved in methanol, and passed 
through a Dowex 1-X8 anion exchange resin in hydroxide ion 
Form, using methanol as the eluate. When elution was com- 
plete, as indicated by a negative test for basicity with 
phenolphthalein, the eluent was neutralized with a 10% 
methanolic solution of perchloric acid to a pH of approxim- 
ately 8. The solvent was removed on a rotary evaporator 
until the volume had been considerably reduced. Diethylether 
was then added to the cloud point, and the flask cooled to 
SOs ihe resulting white crystals were filtered and recry- 
stallized 2X from methanol/diethylether solutions, then 


dried in vacuo. 


Yield: 55%. Ms. De 75.2-76.2°. Nemer. (dimethylsulfoxide-d_): 
pom aero J=(7o,cy Des.) ho. 00 «(Sy oH) joes O¢meucyie te 
1.92-2.58 (m,5H). Infrared (nujol): 682, 752, 760, 1055-1105, 
1442, 1475, 2840-2980 enese 
Anal. Calcd. for CgH,,0,SCl: C, 42.80; H, 5.15. 
BougdGe Ch, 42/965. dan 525 ,Hemoe06, 5. 36% 


(+)-Phenylethylmethylsulfonium perchlorate 


A 10 g. (0.02 mole) quantity of the first crop of 
crystals obtained from the resolution of the 2R,3R-dibenzoyl- 
hydrogen tartrate salt, was dissolved in methanol and passed 


through the anion exchange resin in the uSual manner. The 
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eluent was neutralized with a 10% methanolic solution of per- 
CHLOTic ‘acipisto..a pH of approximately 8. After work-up, a 
white solid was obtained which was recrystallized 2X from 


methanol/diethylether solutions. 


Yield: 89%. m.p. 74,8-75.8°. re + 10.0° (c 1.209, anhyd. 
methanol). N.m.r. (dimethylsulfoxide-d_): 8.74 CGH, JS7AS 
Geert) oO, O15 5h), eorll-o. 5) (qycHy eels 7 222 eae mesh ie 
Infrared (nujol): 682, 752, 760, 1055-1105, 1442, 1475, 
2840-2580 cm -. 

Anal. Caled. for CgHy50,SCl: C, 42.80; H, 5.15. 
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(-)-Phenylethylmethylsulfonium perchlorate 


A 10 g. (0.02 mole) quantity of the crystals obtained 
Zrom, the mother liquor in) the resolution of the 2R,oR-dibenz— 
oylhydrogen tartrate salt was converted to the optically active 


perchlorate salt as described for the (+) isomer. 


Yield: 90%. m.p. 80.5-82.0°. eqis.-- 17.0 sc 1,100), anbyd. 

methanol). N.m.r. (dimethylsulfoxide-d.): 78.74 (t,3H,J=7.5 

Guwouy) Oo 5 USs5H) yO. 05-5. olen anit) alee 67 OGM Myo te 

Laicarede(nujol): 602, (52,0 (0U,slU55-1 105.1442. 1475, 

2840-2980 cm’. 

AUaieeecla Lcd, Or CH, 49, 9C1: Cpe a2 CU meme ae. 
Found: CC, -43.06, 42.68; H, 5.44, 5.50, 
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para-Methoxythiophenol 


Prepared by the method of Suter and Hansen (20), 


Yield: 63%. b.p. 67-69° at 0.5 mm. (reported (20): 88-89° 


25 
D 


Wop amo. C2a (silt) me. 7b (s, 5H) a sesGe Gram mer aes ei 


aeons ents 7 BG Creported=C20 1b Sa0t ye oeNemers 


-3.34 (m,2H). Infrared (neat): 818, 1030, 1242, 1282, 1490 


-1 
cm 


para-Anisyl methyl sulfide 


Prepared by the method of Gilman and Beaber (21). 


Yield: 98%. b.p. 85-86° at 0.4 mm. (reported (21): 239-240° 


Zs 
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Cigar ode (Ss, 5H)796,.49) (6, 3H)i25. 05-4556" (my Zin 2a58 


ate /6Uemms so 1p 5/7 S45 report aura ino TGdlee EN mei. 


-2.92 (m,2H). Infrared (neat): 820, 1030, 1240, 1284, 1438, 


Aan Saleh 


para-Anisylethylmethylsulfonium Ffluoroborate 


he /edee( 0.) lemoleyeouantuunyacn p-anisyl methyl 
sulfide was placed in a 500 ml. round bottomed flask fitted 
with a drying tube. After flushing out the flask with 
nitrogen, 25 g. (0.128 mole) of triethyloxonium Lliuoreborate. 
together with 25 ml. of diethylether were added. The flask 
was again flushed with nitrogen, the drying tube replaced, 
and the mixture magnetically stirred. The following day 
a white solid had been formed. This was filtered and re- 


crystallized from methanol/diethylether solution. 


Yield: 85%. m.p. 65.5-66.5°. Nemer. (CDCl): J8.68 (t,3H, 


"oh-88 1 (0S) beds | 
tom .(2088.. eee vere Cam 

90.8 (HS sm) BB .E=068 CHE, 2) BPA juaial ‘combate 

OPAL ,Secr ,SeRr .GEOD 868 x(geen) buue7vtnl «(HS aa) Ase 


in’ &S 
(18) vedse® boe aem!id Ja bodgam_ erly yd baraqu79 


Omase8rs +( LS) exacdeua) van &.G 36 GAvEB . Qed ae atin 
ramet =. (8898.5 s{f8)-bedaoger) peice! een (mn O37 28 
ges (88,0) BO .eANE , (HE .e) rea (HE, 2) bs .Tt sfdaen) 

SOT ,HOSI ,ONS! ,OEOL ,O88 itueen) berarYal =. {H#8,m) Se.8- 

"as meer Oaat 


stetototoul) muingiliusiydtemivads we inéageee, 

fycddtem L[yeins-q tm vidineve (elom 0) ‘eg Vs h _ 
besjiii veel? besosiod Bnvet odin G02 s ot Pessiy #Sl abitiuve 
idiw Agel? arid tuo prireut? redtA dud gniyrd so Ati 
sietodotavl) muinexolyigeind Yo (sfom ASL.0) .¢ 23 ,nepordia 
deelt efT .osbbe enaw qarntetywiseth Yo .fm 2S ritiw ieddepat 
»be06fqea7 adud eniytb sid ,napetsiin ditw bedeult olsgs ay 

ean yeb pniwollod eft .bettise \Lleaidenpsm e1udxin erid one 
“Osan bre betsd£i% caw citT . .bem79? need) bel) biloe 22 ide ew 
noktuloe fed ial yttes6\Lonedden nox! besitisdeyto 


#HE,8) BOOT +(,6902) cam 208-8428 qm RBG ahd” 


; = 


51 


Media, Cy Prs- 5. 6, 73a (sea), 6u18-6, BD Co; 2H) 76.21 (5,3), 
2.70-2.96 (m,2H), 1.98-2.20 (m,2H). Infrared (nujol)s 


1070-1085, 9 260,99 1455, 2858.9 29204227950 cm7?, 


para-Anisylethylmethylsulfonium 2R, 3R-dibenzoylhydrogen 


tartrate 


A 12 9. (0.044 mole) quantity of p-anisylethyl- 
methylsulfonium fluoroborate was dissolved in a minimum 
amount of methanol and converted to the 2R, 3R-dibenzoyl- 
hydrogen tartrate salt, as described for the unsubstituted 
salt. After work-up a white solid was obtained which was 


recrystallized from methanol/diethylether solution. 


Yield: 99.5%. m.p. 125.8-126.8°, los? sep ves (Ges Shee), 
anhyd. methanol). N.m.r. (dimethylsulfoxide-d_): 78.89 


SUH (ONch pes). 65719 (Sy 5) icaek owl 5° Genz gene 


6.13 (s,3H), 4.25 (s,2H), 1.75-2.92 (m,14H). Infrared 


(jeimeeeene 1446, 1450701792, So40ee2osnecmn o 


The salt was resolved by fractional crystalliz- 
ation from methanol/diethylether solution, as described 


for the unsubstituted compound. 


Racemic para-Anisylethylmethylsulfonium perchlorate 


A 8 g. (0.03 mole) quantity of p-anisylethyl- 
methylsulfonium fluoroborate was converted to the perchlorate 
salt as previously described, for the unsubstituted) compound. 
The resulting white solid was recrystallized 2X from 


methanol/diethylether solutions and dried in vacuo. 
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"Hid: °9709- mip. Czghzale lien. a. rv? (€D£1%):57eh6s (t,3H, 
J=7.5 c.p.s.), 6.67 (s,3H), ca. 6.08-6.50 (q,2H), 6.08 (s, 
3H), 2.58-2.92 (m,2H), 1.83-2.17 (m,2H). Infrared (nujol): 
585, 618, 1084, 1260, 1455, 2850, 2920, 2945 em), 

Anal. Caled. for C 


Hj50,SCl: C, 42.47; H, 5.35 


10 
Found: C, 42.14, 42.17; H, 5.48, 5.68. 


Optically active para-Anisylethylmethylsulfonium perchlorates 


These were prepared by passage of the corresponding 
diastereoisomer of the resolved 2R, 3R-dibenzoylhydrogen 
tartrate salt through the anion exchange resin, followed 
by neutralization of the eluent with methanolic perchloric 
acid, as described for the unsubstituted compound. The 
yields given are based on the amounts of resolved 2R,3R- 
dibenzoylhydrogen tartrate salt used. 

Note: Drying the recrystallized salts in a Abderhalden pistol 
apparatus under refluxing acetone, or simply pumping in a 
vacuum dessicator, resulted in racemization of the optically 
active salts. It is thus recommended that the salts be 

air dried, or subjected to a vacuum dessicator for only 


short periods of time. 


(+)-perchlorate . 


25 
Yield: 90%. m.p. 79.6-80.2°._ [ ene? 19.500 (c,8.945, 


anhyd. methanol). N.mr. (CDC1.): 78. 65000, 5H.) -(. 3) ene see 


PeureteezT yt. pe UG-b. on 0, 2), Of 0c es ort ote 


(m,4H). Infrared (nujol): 585, 618, 1084, 1260, 1455, 2850, 


2920, 2945 cm. 
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Aiagiweecelod. for Ci 4,50.SC1: Bs URC Y Ry Sai Bape Sieh 
DOUG trl, 42 (cae. a4 pH eo, SH ony. 


Note: More of this compound was prepared at a later date 


ier. SyeSrs ates, [oq2?.. oe Aare demonstrating the 


variation of melting point with optical rotation. 


(-)-perchlorate 


Yield: 90%. mp. 34-35°.  [og28 


fae tet 
methanol). N.mvr. (COC1,): 78.68 (UP Sn JET. Decent cine Ge 7A 


- 69.5" (c 0.922, anhyd. 


(s,3H), ca.'6.14-6.56 (q,2H), 6.14 (s,3H), 1.99-2.99 (m,4H). 
Infrared (nujol): superimposable with (+)-isomer. 
Apa lieeeca led. for Cigty>5 9,51: Eg 42.47; Hey ecto os 

BOUT me wee Zee yee Oe et eee od ee ee ae 


para-Nitrothiophenol (sodium salt) 


Prepared as described by Willgerodt (22) and 
Waldron and Reid (23). A 62% yield was obtained. No 


analysis was attempted. 


para-Nitrophenyl ethyl sulfide 

Prepared as described by Waldron and Reid (23). 
Viol 2% Mpipee40-4) 4-( neporteckw24): 40° ae Nomen 
(CDC1,): J8. 67 (CGH cla(oipiGapaesonly iGseet-awieel Gemice 2ubeloe ss 
Gs Oe Senin 272-2486 (im, 2H)j,.07%6-2.05 m2) on ilnfrared 


GHAG AWASE APE GRA RIOG 2) 13300 USO geloy 0.56344 00cm 


para-Nitrophenylethylmethylsulfonium fluoroborate 
A 5 q. (0.027 mole) quantity of p-nitrophenyl 


Suivi siltida was treated with oq. CUVUS4 mole) of seri 


methyloxonium fluoroborate in a flask fitted with a drying 
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tube, using methylene chloride as solvent. The reaction 
was complete in one hour. After work-up a pale yellow 
Solid was obtained which was recrystallized 2X from methanol / 


diethylether solution. 


Vield:.98%.. omen. 55-55-45) Nemer. UOT) ee o Smtr style 
Cro eo le Con Gh mo woes 53) qa2t yp mnlees gee AiG (m,4H). 
Lit tanedeCKEr 26,0856) 1050, 0168,.1108 813707 1448) 


TAA eecma 


para-Nitrophenylethylmethylsulfonium 2R,3R-dibenzoylhydrogen 


tartrate 

A 4 g. (0.014 mole) quantity of p-nitrophenyl- 
ethylmethylsulfonium fluoroborate was dissolved in a mini- 
mum amount of methanol and passed through the anion exchange 
resin. However, the whole procedure was carried out in a 
Goluelaboracory= at oe SLACe a PIeVLCuUSsauLemp ue vOmCaT ry 
out the exchange at 25°, resulted in a considerable amount 
of decomposition on the column. The eluent was allowed 
POO Celi to ot re (0.015 mole) of (-)-2R,3R-dibenzoyl 
tataric acid, dissolved in diethylether. It was observed 
that as the 2R,3R-dibenzoylhydrogen tartrate salt Formed, 
Pee Lec caved OUL Of SU LUULON wa ULGavLugmom Ly same Lo iiu 
solubility in methanol. When exchange was complete the 
receiving flask contained a white solid suspended in a 
pale yellow solution having a nitrobenzene odour, indicating 
that even on the cooled column, some decomposition had 


occurred. The solid was filtered off and washed well with 


ether. 
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Yield: 77%. mp. 117-1199,  [oxJ2° - 70.4° (c 0.2698, anhyd. 
methanol). N.m.r,. (dimethylsulfoxide-d_); Hoey 6-97 Lieut 
Bev) (S)santu54 (Cs 6.6692 365) a.6er1a(sny, Ge 20-6859 26x by 
4.38 (s), 1.60-2.84 (m), 0.2 (s). A complicated spectrum 
was obtained, the peaks are not assigned. Infrared (KBr): 
pa, hh Cae cee aes 

The salt was resolved by dissolving 2 g. in 450 ml. 
of methanol and cooling the solution to 5°. No diethylether 
was added. After a 24 hour period, the crystals which had 
precipitated were filtered off. The crystals from the mother 
liquor were obtained by reducing the volume of methanol on 


a rotary evaporator, and then adding diethylether to the 


eloude paint. 


Racemic para-Nitrophenylethylmethylsulfonium perchlorate 


A 5 gq. (0.009 mole) quantity of unresolved 
p-nitrophenylethylmethylsulfonium 2R,3R-dibenzoylhydrogen 
tartrate salt was suspended in methanol and titrated with 
5% methanolic perchloric acid. The perchlorate salt is 
very soluble in methanol, consequently, addition of the 
perchloric acid was terminated when the absence of a solid 
phase was observed. Diethylether was then added and a 
Whiteesolid precipitated out.”  [hessaltewasetitvered, 
washed with ether, and recrystallized 2X from methanol/ 


diethylether solution. 


Yield: 93%. mp. 49-51". N.m.r. (dimethylsulfoxide-d.): 


Joe em ce GH) yoG, 71 (s;5H), 00, ilo; 508 de2t) gel, Use OGeT meal ye 


infrared (nujol)s 1080, 1092, 1310, 1602, 3440) cman 


a 


r sovum, » Ss 
tg 908-0 9) Pe 
a) a " . 
mut dose casiavias a Me) Ne Sok wasn rey t 
:(78) beasatnt .Benpfees Jon ozs sagen ond bantaddo « 
sn Obee ECVE OOET Bese O0rs 
sim Ofte rt apf antvigeeih vd bevfocet ssw Jise git 
nepdetyddeib of .°2@ of noljubee eng poiieda brs Loneddon 
batdolnw eleteyv7o als ;bubrsq aod 6S s rT ‘nebion. eau 
sadtom. old mor? ehelevt> erty “ebere st H at39u wi 
no forsddem Yo smvlov edz pniguber yd bantetde erew roupit 


7 
Pn 


add od tendetyiftait prabtos narid bres .10¢t820GgeVve yvIsseT s&s 2 


wtntaq evel 


gietoliowas 


bavfnasrny to ytidnaup (alon C00,0) .o 2 A 


(25 
negorbyAiyosnadib-he HS avinot Luchyigemlyadel ynentqerd inag., ie 


iia beteadsitd bac Lonsdtjan ni hstnageue eew Jlae iterited 7 
ei tfea eisiof{farsq ett .btoe afrafdatay ailonengem ee 
eid Jo nelivbbs ,yisneupsenoa ,foneddem mi siduloe rev : 

bifee se Io aansads et cedw GeJenimiey esa nize okvotdomeg 

5 hive babbs ost eaw agttsliyiveid .bevaeudo easy eeang 
sbaxeill? esw tise efT .Juo bstetigiosyg biice adic 
\Lonedtom moa7 XS hesillersyisay bos ,teddu ddtw beds 
sel Susoa deidiod. b 


apatiiinal oy 7 ep as coming 


56 


Anal. Caled. for CoH) 5O,SC1N: C52 3693038914, 067 SY TOer7; 
N, 4.71. 
bounds —C. 36,02 436,09; HAae09, 4.08% S. Llmbe, 10.7 Ss 


Ni 4. Od yo. Oo. 


(+)-para-Nitrophenylethylmethylsulfonium perchlorate 


A 0.75 g. (0.0013 mole) quantity of the first crop 
of crystals obtained in the resolution of the 2R,3R-dibenzoyl- 
hydrogen tartrate salt was suspendett in methanol, and titr- 
ated with 5% methanolic perchloric acid, as) described tor 
the racemic salt. After work-up, the initially formed oil 
solidified on scratching with a glass rod. The pale yellow 
solid was recrystallized 2X from methanol/diethylether 


solution. 


Yield: 33%. ni.p. 27.5-28.5'.  [og@2. + 32.59 (c 0.9985, 
436 ic 
anhyd. methanol). N.m.r. (dimethylsulfoxide-d_): hag 2 
Gino) wean CaGs 5H) ~ho.04-6.55 (q,2H), 1,401.99 (man). 
Infrared (KBr): 1090, 1120, 1340, 1530, 3440 cm7/, 
Anal. Calcd. for PE Gye OO mo Uae aia O See el) cur rae 
Nile 
bounds) 0,566.41, 6,60; H, 4:11, 4.70; 9. 10.90 aie our 


N42 08.7 4 woo. 
-)-para-Nitrophenylethylmethylsulfonium perchlorate 


A eleOne(0. 001% mole )jequantity of theo erystals 
obtained from the mother liquor in the resolution of the 
2R,3R-dibenzoylhydrogen tartrate salt was converted to the 


perchlorate salt as described for the (+)-isomer. After 
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work-up, the pale yellow solid was recrystallized 2X from 


methanol/diethylether solution. 


Vi luyA7 4%. (emsep. )77.0-71.59. [x]. = 1857 °4(e4142 kh, 
anhyd. methanol). N.mr. (dimethylsulfoxide-d_): T8. 83 
GES20) 266071 9 GSA3H) go. 0456053 oa n2H ined. 4021.93 (m,4H). 
Infrared (KBr): superimposable with the (+)-isomer. 
Anal. Caled. for CgH,.0,SCIN: C, 36.30; H, 4.06; S, 10.77; 
Needs wae | 
POUMCt Gy. 40,120) S0490; 0H, oom snare See 7 ee etm on 


N5 4070 46558 


Para-Hydroxyphenyl methyl sulfide 


Prepared by the method of Suter and Hansen (20). 


Yield: 63%. m.p. 81.5-82.0° (reported (20): 83-84°). 
Nom. (CDC1.): Wi wo SoH a4 eo oe te)ye ee oo eo banned ae 
Infrared (nujol): 538, 635, 820, 855, 1255, 1378, 1445, 1498, 


2860, 2940, 3380 cm7-. 


para-Hydroxyphenylethylmethylsulfonium Fluoroborate 


A 5 g. (9.036 mole) quantity of p-hydroxyphenyl 
methyl sulfide was dissolved in diethylether in a 250 ml. 
flasketitted with a drying tube. A 79g. (0. 0s7emale) 
quantity of triethyloxonium fluoroborate was added, and the 
Flask flushed with nitrogen gas before replacing the drying 
tube. The reaction was complete in ca. 45 minutes, a white 
solid, insoluble in diethylether being formed. The solid 
was filtered and recrystallized from methanol/diethylether 


solution. It is noteworthy that in the reaction only 
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S-alkylation occurred, no O-alkylation was observed. 


Yield: 87%. Mop a6) O06) 16 Go eNe mrs (dimethylsulfoxide- 
ge): Moet = 7, omCnOe Sys) sb. om SSH NEoMl age as Gay 
2H), 1.92-3.09 (m,4H). Infrared (nujol): 1280, 1425, 1438, 


1452, 1500, 1583, 1600, 2850, 2930, 3390 cm7-. 


para-Hydroxyphenylethylmethylsulfonium 2R,3R-dibenzoylhydrogen 


tartrate 


A 2g. (0.008 mole) quantity of p-hydroxyphenyl- 
ethylmethylsulfonium fluoroborate was dissolved in methanol 
and passed Shawl the anion exchange resin in the usual 
manner. The eluent was neutralized with a solution of 2.8 
g- (0.008 mole) of (-)-2R,3R-dibenzoyl tartaric acid 
dissolved in diethylether. After work-up a white solid 


was obtained. 


Yield: 91%, mp. 85-125". [og]*° - 74.4° (c 0.3992, anhyd. 
methanol). N.m.r. (dimethylsulfoxide-d_): fe eo Lemos 
Gcypmomlo-07.7Umq),04,16,(5), 107-5. 428 (mre Deore Cale 
iMirareum((UjoU)s) ( Lopel 10s 12 b0eml so 7548 1A 5Ose ele eee ooo 
2920 cm. 
The salt Was resolved Dy fractional@ crystallization 


from methanol/diethylether solution as described for the 


unsubstituted compound. 


Racemic para-Hydroxyphenylethylmethylsulfonium perchlorate 


A 2 gq. (0.008 mole) quantity of p-hydroxyphenyl- 
ethylmethylsulfonium fluoroborate was dissolved in methanol 


and passed through the anion exchange resin in the usual 
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way. The eluent was neutralized with a 5% methanolic 
Solution of perchloric acid. After work-up a white 
solid was obtained which was recrystallized 2X from 


methanol/diethylether solution. 


Yield: 100%. m.p. 129.6-130.6°., N.m.r. (dimethylsulfoxide 
SEEPS RSI) Ger alnied edeiey fom ePacry pemery lal ede [ NL aye ioeot ee 
een peewee lO acm, 2H), 2000-242 m. 2H) e0es (seus 
Infrared (nujol): 840, 1050, 1110, 1455, 1582, 2860,2920, 
3400 ema. 
Arial. @Calcd, for CgH,30,5C1: C, 40.22; H, 4.81; 5S, 11.93. 
POUNG tem 40244, one ds Glee 10:7 peer Malta meme er 1) 


+)-para-Hydroxyphenylethylmethylsulfonium perchlorate 


A 2.5 gq. (0.005 mole) quantity of the crystals 
obtained from the mother liquor in the resolution of the 
2R,3R-dibenzoylhydrogen tartrate salt was converted to the 
perchlorate salt by passage through the anion exchange resin, 
and neutralization of the eluent with methanolic perchloric 
acid in the usual manner. After work-up the white solid 
was recrystallized 2X from methanol/diethylether solution. 
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(- )-para-Hydroxyphenylethylmethylsulfonium perchlorate 


A 4g. (0.007 mole) quantity of the first crop 
of crystals obtained in the resolution of the 2R,3R- 
dibenzoylhydrogen tartrate salt was converted to the perchl- 
orate salt as described for the (+)-isomer. After work-up 
the white solid was recrystallized 2X from methanol/diethyl- 


ether solution, 


Yield: 94%. m.p. 129.8-130.6°, eae: SE) lee WTAE 

anhyd. methanol). N.mr. (dimethylsulfoxide-d,): eG 

RCs Helio aCe ie (O12. CSy GH) oe 26 nO2 1g, 2 Hee 87 

3.08 (m,2H), 1.98-2.28 (m,2H). Infrared (nujol): super- 

imposable with the (+)-isomer. 

Aiidwe calcu. ©oC CoH, 30,SC1: Cy eee oe OU) come lie ds 
BGUMU Ser 4s GOR era ote i At aera ammo mel oe eee Pat), 

Note: Like the optically active p-anisylethylmethylsulfonium 


perchlorates, drying under vacuum resulted in loss of optical 


SCULLY. 


Dipolar species obtained from the para-Hydroxyphenylethy1- 
methylsulfonium system 

A 5 g. (0.02 mole) quantity of p-hydroxyphenyl- 
ethylmethylsulfonium fluoroborate was dissolved in sete fairl 
and passed through the anion exchange resin in the usual 
manner. The eluent was collected in a flask surrounded by 
an ice/salt bath. When the exchange was complete, as 
indicated by a negative test for basicity with phenolphthalein 


indicator, the solvent was stripped off on a rotary evaporator. 
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A pale yellow oil remained, which solidified on pumping 
under vacuum. The off white solid was found to be very 
soluble in hydroxylic solvents such as water, methanol and 
ethanol, yielding basic Solutions, but insolublesin all 


other solvents tried, 


m.p. ca. 138-142 (opaque liquid) 142-143° (clear liquid), 

Nom.r. (D0): Jo. Um UGsoue=7..5 C\p.S) pote ele amon) mor 5o- 
Comoe oel(- Sree ms 2H) me 22 SI= ease een ae in hee rar 
(Kerja 840, 1070, 1140, 13580, 1485) 1500, 1580, 595, 3040) 
3450 cm. 
eee (0,0, CCL. external standard): No fluorine resonance, 


indicating the absence of any fluoroborate anion as impurity, 


Note: Passage of the sulfonium salt through the anion exchange 
resin will result in exchange of the fluoroborate anion 
for a hydroxide anion. This would then be expected to 
neutralize the phenolic proton, producing a dipolar species, 
plus a mole of water. A possible scheme is shown in 
Figure XI. Attempts were made to determine the exact 
structure of the compound, however the results were far 
from conclusive. The experiments performed are described 
below. 
Experiment I. Treatment with fluoroboric acid 

A 0.5 g. quantity of the compound was dissolved 
in methanol, and the resulting solution titrated with a 5% 
methanolic solution of fluoroboric acid, When the mixture 
was Slightly acidic, diethylether was acded’ reswiting in 


precipitation of a white solid. The solid was filtered 
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and recrystallized 2X from methanol/diethylether solution. 


Vue Losey. pe L1G ee Ne mer. CO; 0 )efiee S40 Opalpe a5 
Gepec) ee U4 (5,4) nea? -be9 2 o, 2) eee One 5231) (q,2H), 
Peo 2o20(9,2H). olatrarad (nujol jit i? sue lae5. 1438, 1452, 


1500, 1583, 1600, 2850, 2930, 3390 cm. 


Conclusion: The melting point, n.m.r. and i.r. spectra are 
identical with the p-hydroxyphenylethylmethylsulfonium 
Fluoroborate salt. Hence, formation of the dipolar species 


is a reversible process. 


Experiment II. Carbon, Hydrogen analyses 


bs + CH, CH, 
eM Gatehy be ihomey maa! ave tre Wee 4e 2 eee oe 
CH 


c) 
+ CHS CH. 
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CH. 
H,0 
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Conclusions) 1ne analysis ie more consistent with the struc- 
ture containing a mole of water. Further possible evidence 
for the presence of water is a comparison of the impurity 
peaks in the n.m.r. spectrum, using D0 as solvent., When 
run neat, the spectrum of D0 shows an impurity peak at 
75.32 due to proton resonance. The n.m.r. spectrum of the 
proposed dipolar species in D0, shows a more intense peak 


at 35.32, indicating the presence of water. 


Experiment III. Drying in_an Abderhalden pistol apparatus 


ANOPHS go. quantity o7eths compound was placed 


38. 
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in a weighing boat, and subjected to a pressure of 1 mm., 
under refluxing acetone, in an Abderhalden pistol apparatus. 
Loss in weight and change in melting point were followed 


with time, the results are shown below. 


Time (hr) Loss in weight (gq) m.p. 
24 - 9,015 ca. 139-143" (dec. ) 
48 0.020 cam 134-14 2ee(decs) 
140 0.100 ca. 118-130" (dec. ) 


The material obtained after 140 hr was pale yellow in color 
and slightly hygroscopic. The i.r. spectrum was identical 
with the starting material, however the carbon and hydrogen 


aha vocouMogeciangediuL. ©. tue OL eo Om Oe 4 tare ales pea cee Oe 


Conclusion: The changes in mass and carbon and hydrogen 
analyses could indicate the removal of water from the 


compound. 


Experiment IV. Melting the compound 


About 0.5 g. of the compound was weighed into 
a test tube and then placed in a Wood's metal bath, at a 
temperature of 136-140". When all the material had melted, 
the pale yellow liquid was allowed to cool. Diethylether 
was then added, resulting in formation of a milky solution. 
On cooling to abe a white solid precipitated out, this was 
PULGeCeOsOL) veeNalets: A00NLarw SleCL La sShOWGO Milt LO .le etia 
proposed dipolar species. Removal of the diethylether from 
the filtrate yielded a yellow oil. This was shown to contain 


a mixture of sulfides, p-methoxyphenyl ethyl sulfide and 


hawolle? eveu ting | 


‘Gem 

(,oub) CEAL-er! sa 
(.asb) "Sh-8Er tsa 
(.geb) "OSL<Adt: ga, | GL.) ‘OMr 
qofoo qi wollsy eleq eeu 1A Ost a9d%6 benisids letsevem edt 
fesisnasbi eaw muitiegs itt AT .aigooeompye widngils ons 
napotbyn’bne nediea end ‘Tevaworl feligism ootinede Pr Atte 
as.Y ,EL.Y ,H 7ib.a ,8e.Sa 1.8.2 begneds bert samy tone 

a 


neporbyn bos nodreo bos zesm AF eepneda srl wetewtlgaod 
add mot) adisw do (svomes edd, eisottnd biven eseyiens 

aqioh banglow e6w bovegmoo eft to .o ¢. 0. fuedaA 
8 ie ,dded Istem e'booW 6 ni beselq nend bos erties tees s 
vbediom bel Largetem, sit Ils nad ."OkL-2FT to s1udexeqaad 
tenielyidsi0 § = ,fevo ad bewolles eow “bupil wolley elsq edd 
moidulce yilin = Yo noliemio? nt gonidivees ,babbe ner enw 
ecw east .tuo bstediqiosi biloe efidm 's 2 of enttoes n0 


et 
adj sd of $1 beworle sYdoaqe «1.1 bre. tam Te berediit 
8) Gee > 


is 


akaines pd nwode ea eint sto wostey aes otersiiY etd 


be qpor? retdelytterb els Ve leven abicane se Logie pet 


p-ethoxyphenyl methyl sulfide, presumably formed by trans- 


alkylations in the melt. 


Conclusion: The experiment proved to be uninformative with 


regard to the structure of the dipolar species. 


Experiment V. Molecular weight determination 


; CH, CH 
<)> ape: MW. = 168 
CH 


3 
CH.CH 
pm ot 
0 aa mW. = 186 
CH. 
HO 


Method A. 

A known weight of the compound was dissolved in 
methanol, and 5 ml. aliquots titrated with standard hydro- 
chloric acid, using bromophenyl blue as indicator. From 
the results, a value of 171.5 was calculated for the 


molecular weight. 


Method B. 
This was performed by the microanalyst using an 


ebullioscopic method. A value of 180 was obtained. 


Conclusion: The discrepancy in the values is too great to 


form any definite opinion. 


Experiment VI. Mass spectral analysis 
Machine: MS-9. Direct probe. Starting temperature Topas 
Major peaks: 196, 182, T6054 eae oul eee day 


740095) 45) mM. U. 


65 


gi 


| i 
; va | Ti — : A . ; palin nm 
: ve 3 gece ides 
Pe le ne 


- 


2, f 
x site Ay. - = es ee: ; 
-_ - : > * ¢ 
I es 7 oa " 
- 


ear = jdm ie ee 7 “ae ; 


HD Hd = ite 
36r = sim ‘a ep i | 
5H an 


OeH — es 
A ‘ F 7 7 

ni bevineelb eew bovoqgres, and Yo Jngfew nwansd A vane - 
-oxbyd brsbnede filw heteviit edoupife im 2 tne «Tonentes 7 


mort =6.todsaibni de suld {ynedgomerd potev ,tvies alaaina | 
edt tot betglvotes esw 2. Ll Va auisy oes fuees a _ 


me pniev davisnectolw git yd bemsotzeq esw eit 


-banieswdo eew G8i Yo aufsv A ibodvem aiqovent ttuda 


aa | a Sin 
od tsexg nod ai esvlev an) nt yonsqsiaeih sit sag 7 


66 


Conclusion: The peak at 168 mu. was strong, however no 


conclusive evidence can be drawn from the analysis. 


Experiment VII. Preparation of the dipolar species from 
ortho-Methy1l-para-hydroxyphenylethy lmethylsulfonium 


fluoroborate 


o-Methyl-p-hydroxyphenyl methyl sulfide (supplied 
by the Crown Zellerbach company), was converted to the 
sulfonium salt by treatment with triethyloxonium fluoroborate, 
using methylene chloride as solvent. The sulfonium salt 


had the following properties. 


mgpe01245925.5°r. Nome (03.0) 87 ereI8Gt, SH) l yal G72e(essH), 
Beow CSPGH)NPG. 66560821 (gq, ZH)GI2.99-Gasae(m, 2H), 2229-20554 
(m,1H). Infrared (KBr): 1062, 1082, 1122, 1250, 1310, 1458, 


1490, 1574, 1595, 1610, 3430 cm7!, 


The dipolar species was prepared by passage of a 
methanolic solution of the sulfonium salt through the anion 
exchange resin, as described for the p-hydroxyphenylethyl- 
methyl species. After work-up a white solid was obtained 


having the following properties. 
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¥i194(se3H), eae Aes Comztdsa®.24-5.600 (nm, 2H jeer. oe. ol 
(m.1H). There was a large impurity peak at J5.32 due to 
proton resonance of the solvent, and possible water in the 
compound, eingrared,(nujol):.865,<.1058 91258, 2365,01497, 
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Conclusion: This dipolar species was similar in all respects 
to the previous one, except for a cleaner melting point. 
Again, the n.m.r. spectrum and elemental analysis point 


to a structure containing a mole of water. 


Preparation of the dipolar species in optically active 
form from optically active para-Hydroxyphenylethylmethyl- 
sulfonium perchlorate 


A 1g. (0.094 mole) quantity of p-hydroxyphenyl- 
29 


ethylmethylsulfonium perchlorate, ledee. Pee Oe a Covoee 7.60% 
anhyd. methanol), was converted to the dipolar species as 
described for the racemic material. After work-up a white 
solid was obtained. 
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methanol). N.m.r. (D,0): TRCN NE MEd ores Nowa tey werden tcis hy Gey eeu 


143° (clear liquid). [X + 38.0° (c 1.3830, anhyd. 


(s,3H), 6,5927809°(qy2H)'F SRP7SSe51! (i, ZA) Peers i soo Fag 
(m,2H). Infrared (nujol): Superimposable with the racemic 
material. 


Note: After 10 half-lives of racemization in methanol at 502 
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only racemic material was recovered, showing that no 


decomposition had taken place. 


Isopropyl ethyl sulfide 


Prepared by the method of M°Allen et al, (25). 


b.p. 100-102" at 700 mm. (reported (25): 107.3° at 760 mm.) 

25 
"D 
9.00 (m,9H), 6.83-7.75 (m,3H). Infrared (Heat )ee 545.0 1150" 


1.4376 (reported (25): 1.4382). N.m.r. (neat): J8.58- 


oO UU Oo, 14502070, 2950, 29608) 2970 ernie 


Isopropylethylmethylsulfonium iodide 


A 10 g. (0.096 mole) quantity of isopropyl ethyl 
sulfide, together with 14.2 g. (0.10 mole) of methyl iodide 
were placed in a 125 ml. flask and kept in a dark cupboard 
for ez0Shovrs. | Tie product,..4 white salicds, was recrystal l- 
ized 2X from acetone/diethylether solution. Because of 
the compound's sensitivity to Light, filtration and general 


handling were carried out in subdued lighting. 


Yield: 61%. m.p. 150-1559 (sublimed). N.mer. (CDCI, ): 
JB. 17—8..6 7, (in, SH) fvber? (s,3H)% 6,00-5,50 (4,2H), 5.43- 
Be UZ Mi) meal rared On jos) 1 a5 2am Oboe 52s OU meg AS 


1282, 1374, 1408, 1422, 1458, 2860, 2950 cm-+, 


Isopropylethylmethylsulfonium 2R,3R-dibenzoylhydrogen 


tartrate 


Prepared by the passage of a methanolic solution 
of isopropylethylmethylsulfonium iodide through the anion 
exchange resin in the usual manner, and neutralization of 


the eluent with 2R,3R-dibenzoyl tartaric acid. 
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Yield: 85%, mp, 120-121.5°,  [odj®> - 97.6° (¢ 0.4496, 
anhyd. methanol). Nvmr, (dimethylsulfoxide-d,): Dance 
Sree Me Ald) oe 42 el Sy SH) eG, 26-7 610 Cm Hed Bees eH. 
S29 Sy mM, 10H) Je Wintrared (nujol) 5580715) 10S, 12760, 
7 eA o eel OG 20U0Nem 
Resolution by fractional crystallization from 


methanol/diethylether solution was found to be Oa ier lets, 


only one of the isomers being isolated. 


(-)-Isopropylethylmethylsulfonium perchlorate 


ite Tirst crop of crystavs obtained im the rese 
olution of the 2R,3R-dibenzoylhydrogen tartrate salt, was 
dissolved in methanol, and converted to the perchlorate 
salt by passage through the anion exchange resin, and 
neutralization of the eluent with methanolic perchloric 
acid, in the usual manner. After work-up a white "tacky" 
solid was obtained. Repeated recrystallization from 
methanol/diethylether solutions failed to yield a crystalline 


material. 
m.p. 155-160°, exaaue - 10.6° (c 0.8240, anhyd. methanol). 


N.m.r. (dimethylsulfoxide-d.): 78.42-8.83 (m,9H), 7.20 (s, 
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Note: Several other salts were prepared in an attempt to 
obtain a crystalline material i.e. fluoroborate, perfluoro- 


methanesulfonate, p-nitrobenzoate, 3,5-dinitrobenzoate and 


bromide, all without success, 
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Cyclohexyl bromide 


Prepared as described by Vogel (26). 


Nem.r. (neat): J7.46-8.82 (m,10H), 5.41-5.93 (mein). 


Cyclohexyl xanthate ester 


Prepared as described by Borsche and Lange (27). 


Yield: 20%. b.p. 126-128" at 11 mm. (reported (27): 150- 


ie) 


15seeat 16 mmohece Nam. r. (CDC1.): Wi. 82-8. 88.(m,13H) ,.6a16- 


6.66 (m,1H), 5.19-5.64 (m,2H). Infrared (neat): 810, 880, 


990,.1200, 1255, 1440, 2840,.2920.cmz?, 


Cyclohexyl mercaptan 


The method of Borsche and Lange (28), involved 
the use of gaseous ammonia to split the cyclohexyl xanthate 
ester. However, several attempts to repeat their experiment 
Failed. It was found that using a 2:1 mole ratio of ethanolic 
potassium hydroxide to ester, refluxing for 2-4 hours, 
adding dilute hydrochloric acid to neutralize the excess 
base and liberate the free mercaptan, followed by extraction 


with diethylether, resulted in a good yield of mercaptan. 


Yield: 90%. b.p..41-43" at 12 mma (reported (28): 158-1460° 
at 760 mm.). Nem.r. (CDCLz): J7.78-8.98 (m,10H), 6.98-7.56 
Gili Vepulufraredy (neat) 75480990), T1loo sooo e i aag goal 


2920 cm. 


Cyclohexyl ethyl ‘sulfide 


Prepared as described by Borsche and Lange (29). 


Yield: 60%. b.p. 70-73 at 10 mm. (reported (30): 68-709 
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N.m.r. (COC1,): J7.84-7.95 (m,13H), 7.23-7.69 (m,3H). 


Cyclohexylethylmethylsulfonium Fluoroborate 


A 6 q. (0.042 mole) Quantity of cyclohexyl ethyl 


at 10 mm.). 1.4823 (reported (30): n<- 1.4908). 


sulfide was dissolved in 30 ml. of methylene chloride in 

a flask fitted with a drying tube. The flask was flushed 
with nitrogen gas and 7 g. (0.048 mole) of trimethyl- 
oxonium fluoroborate were added. Reaction was rapid and 
complete within approximately 45 minutes. Addition of 
diethylether resulted in formation of an oil, all attempts 


to obtain a crystalline solid were unsuccessful. 


Yield: 95%. N.mr. (CDC1.): J7.61-8.66 (m,16H), 7.13 (s, 
3H), 6.36-6.86 (m,3H). Infrared (nujol): 1050, 1268, 1450, 


2860, 2940 cm. 


Cyclohexylethylmethylsulfonium o-bromo-Il-camphorsulfonate 


Although the 2R,3R-dibenzoylhydrogen tartrate 
salt was a solid, melting at 125°, no resolution could be 
effected after repeated attempts. Similarly, attempts to 
resolve the tartrate and camphorsulfonate salts were un- 
successful. Resolution was finally achieved using the 
&-bromo-7/-camphorsulfonate salt. The resolving agent comes 
in the form of it's ammonium salt. A methanolic solution 
of the free acid was prepared by passage of the ammonium 
salt through a cation exchange resin in hydrogen ion form. 
The cyclohexylethylmethylsulfonium fluoroborate salt was 


converted to the hydroxide by passage through the anion 
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aeChange-resin-Lhnathesuslal manne recat heeeluant was then 
neutrali zediet ossaenh, of ca. 8 with the methanolic solution 
of &-bromo--camphorsulfonic acid. The bulk of the solvent 
was removed on a rotary evaporator and diethylether added 
Op@necimibate <bherisaltin phhie initially formed oil gave a 
white solid on crystallization from acetone/diethylether 


Solution, 


Yield: 80%. m.p. 75-76°, [o]2° 0 Be hg S00. anhud. 
methanol). N.m.r. (CDC1.,): very complicated spectrum obtained. 
ipfcared (KBr), 1050, 1175, 1445, 1730, 26309 5415 enn * 

No separation was achieved from methanol/diethyl- 
ether solution. The salt was resolved by fractional crys-= 
tallization from acetone. A quantity of the salt was 
dissolved in a minimum amount of acetone, cooled to oe 
and left overnight. The mother liquor was decanted and 
the remaining crystals collected and washed well with 


diethylether. Addition of diethylether to the mother liquor 


yielded the other diasteroisomer. 


(+)-Cyclohexylethylmethylsulfonium perchlorate 


This was prepared by passage of the first crop 
BiScryo.ale Tron Lue eresoluvton are the o&~-bromo-TT-camphor- 
sulfonate salt through the anion exchange resin in the usual 
manner. After work-up an oil was obtained, all attempts 


to obtain a solid material were unsuccessful. 
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(-)-Cyclohexylethylmethylsulfonium perchlorate 


The crystals obtained from the mother iio pean 
tne resolution of the o&-bromo-7-camphorsulfonate salt were 
converted to the perchlorate salt as described for thous) = 
isomer. After work-up an oil was obtained, attempts to 


obtain a solid material were unsuccessful. 


nae (c 1.119, anhyd. methanol). N.mr. (COC1.): 
4ee2-8,620(m 13h) 5. Zul gets, 3H) niGaa2—6. 26 (m,3H). 


Infrared (neat): superimposable with the (+)-isomer. 
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KINETICS 


TITRIMETRIC RATES 


Notes: The following method does not apply to the p-hydroxy- 
phenylethylmethyl system. 
The sulfonium salt was accurately weighed in a 
tared volumetric flask. Enough solvent to dissolve the 
Salt, together with as many aliquots of a standard solution 
of 2,6-lutidine as required, was added to the flask. After 
dilution to the mark, the solution was equilibrated by shaking 


the flask 100 times. 


For the reactions the sealed ampoule technique was 
employed. Aliquots of the solution (5.3 ml.), were trans- 
fered to partially drawn out test tubes which had previously 
soaked overnight in a hot soap solution, rinsed 8 times with 
distilled water and dried overnight in an oven at 120°. The 
tubes were sealed and placed in a constant temperature bath, 
JOMEVeOP?, M7OL00f0.02)"or SU; O0tOr 2 ee At appropriate time 
intervals the ampoules were removed from the bath, placed in 
an ice-acetone bath and shaken for 30 seconds in order to 
quench the reaction. The first point was taken at fear 
four minutes after the ampoules were placed in the bath so 
as to ensure temperature equilibration. Infinity measurements 
were taken at approximately 10 and 20 half-lives. Before 
the ampoules were broken open, they were allowed to equili- 


brate to 25° in a constant temperature bath for five minutes. 
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A 5S ml. aliquot was removed by means of a calibrated automatic 
pipette and delivered into a 50 ml. Erlenmeyer flask contain- 
ing 25 ml. of boiled distilled water. Each sample was tit- 
rated for developing acid with a standard solution of sodium 


methoxide using phenolphthalein as indicator. 


The rate constants calculated are based on the 
experimental infinity values, usually 100+3%, thus measuring 
the total rate of reaction. The rates were followed to 
about 85% completion. Percentage infinity values were obtained 
from the following relationship: 

% infinity titer = 0S 8B x 100 
{heareticalsinfiinityetiter 

where Va,is the experimental infinity titer and Vp is the 

average titer /of the blanks. « The blanks consisted of an 

equal amount of solvent containing inert salt and/or base, 


but not the reacting substrate. 


SOLVOLYSIS OF P-HYDROXYPHENYLETHYLMETHYLSULFONIUM PERCHLORATE 


This was followed using ultra-violet Spectroscopy 
by observing the decrease in the concentration of the unreacted 
sulfonium salt, converted to its phenoxide ion form, at appro- 
priate time intervals. Solvolysis results in the formation 
of p-hydroxyphenyl methyl sulfide, the phenoxide ion form of 


which could absorb in the region of absorbance of the salt. 


Ultra-violet data has already been given on the salt (Table Ky) 


the absorbance due to the phenoxide ion form occurring at 


(i=) 
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279-280 Mp Table XIV gives the data for p-hydroxyphenyl 
methyl sulfide. The results indicate that the absorbances 
for both the phenol and phenoxide forms of the sulfide 

occur approximately in the same position bey eal) my. It 

was decided that the solvolysis reaction could be convenient- 
ly followed by taking aliquots of the reaction solution at 
appropriate time intervals, adding base to convert all the 
phenol (from the formed sulfide and unreacted salt) to 
phenoxide ion, then after dilution to the required concentra- 
tion, observing the decrease in absorbance due to the unreact- 
ed salt (279 mi). To test the proposed method, a synthetic 


mixture was prepared, corresponding to ca. 50% reaction: 


[Sait} = 4.28x107° 
[Sulfide] = 5.00x107° 
3 


[NaocH.) = 4.88x107 


From the spectrum \ had moved to 270 MH however, from 


max 
the absorbance at 279 my oan estimate of the concentration 
of the salt could be made, which was then compared with the 


experimental value. 


Result: 
8279mp = 0.80 €= 18,000 (from previous work) 
CMe eso i= a4 eAec tee 
18,009 


This value compares well with the synthetic composition. 


The exact method for the solvolysis rate run is given below: 


Method: 


A known weight of the salt was dissolved in anhyd- 
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TABLE XIV 


U.V. DATA ON P-HYDROXYPHENYL METHYL SULFIDE IN ANHYDROUS 


METHANOL 
ne 
eee ee eee 
[Surride] [He10,] — [Naocn,] OBSERVATIONS 

Con ee) eee tae 
a 

2.00 — —_ major peak at 260 mp 

1.43 _ 1.44 major peak at 260 mp 

2.00 _— SMe sie broad bond at ca. 260 mp 


ZU 488.0 — major peak at 258 my 
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Tous methanol (with or without added 2,6-lutidine) in a 
volumetric flask. After mixing, 3 ml. aliquots of the sol- 
ution were placed in partially drawn out, clean test tubes. 
The tubes were sealed and placed in a constant temperature 
ait Deh fata oot onto ne "ve lee yeti putes were allowed for 
equilibration after which time one tube was pulled as a 
blank. The tube was cracked open; and =a mie =or the salution 
was diluted to 250 ml. with reagent methanol containing 5 ml. 
of 0.244M sodium methoxide, After mixing thoroughly the 
Spectrum was obtained. Other tubes were pulled at appre— 
priate time intervals. The results are shown in Tables III 


andor ys 


POLARIMETRIC RATES 


Method [ 
Aliquots of a standard solution of the optically 
active sulfonium salt were transferred to ampoules. The 


ampoules were sealed and placed in a constant temperature 


bath as described for the titrimetric. rate analyses. Reactions 


measured above 25” were quenched as previously described, 
After equilibration to 25°, the ampoules were broken open 
and an aliquot of the solution was transferred to al dm. 
polarimeter tube. The optical rotation was obtained From 
the digital readout of a model 141' Perkin-Elmer Polarimeter, 
Measurements were made using an incident Light bean having 
a Wavelength of 436 mu or $65 mt, A “zero” reading was ob- 


tained before and after each measurement, 
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Method II 

Water from a constant temperature bath, 50.00+0.02 
or 2a JoororT2 vi! was circulated through jacketed polarimeter 
tubes. An aliquot of the solution of the optically active 
salt was placed in the polarimeter tube and the optical rota- 
tion was measured at appropriate time intervals. Where the 
rates were not excessively fast, a "zero" reading was taken 
before and after each run. The rate constants were calculated 
on the basis of the experimental infinity obtained after 


10 half-lives (zero). 
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CHAPTER II 


INTRODUCTION OF LARGER GROUPS - AN INVESTIGATION 


OF STERIC EFFECTS UPON THE RATE OF INVERSION 


Kincaid and Henriques (31) suggested in 1940 that 
steric effects could alter the rates of pyramidal inversion 
reactions. They suggested that as substituents were made 
larger, the non-bonded interactions in the ground state 
would make the molecule more nearly planar, and hence reduce 


the activation energy to inversion. 


This chapter describes the effect on the inversion 
rate of replacing the methyl group in the phenylethylmethyl 
System by larger primary groups, and the effect of replacing 
the methyl and ethyl groups respectively, by a phenyl group, 
in the p-anisylethylmethyl system. The solvolysis and race- 


mization rates of the following compounds were studied. 
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The results obtained give the first good evidence 
for steric effects upon the inversion of an acyclic pyramidal 
System. Attempts to prepare acyclic optically active triaryl 
sulfonium salts were unsuccessful, however, uSing the results 
From the mono and diaryl Systems, an estimate can be made for 
the half-life for racemization of the triaryl sulfonium salt 


system. 


SYNTHESIS AND RESOLUTION 


The fluoroborate salts were prepared by reaction 
of the appropriate sulfide with Meerwein's Reagent (17). 
Conversion to the 2R,3R-dibenzoylhydrogen tartrate salt was 
accomplished by passage of a methanolic solution of the 
Fluoroborate salt through a Dowex 1-X8 anion exchange column 
in hydroxide ion form, followed by neutralization of the 
eluent with (-)-2R,3R-dibenzoyl tartaric acid. “Resalutton 
was effected by fractional crystallization of the 2R,3R- 
dibenzoylhydrogen tartrate salts from methanol/diethylether 
Solutions. After separation of the diastereoisomers, the 
optically active perchlorates were prepared by passage through 
the anion exchange column, followed by neutralizatipn of 
the eluent with a 5% methanolic solution of DSrcmoricy acid, 


Thegscheme is ollthined.din jFigure XII. 


All compounds gave satisfactory elemental analyses. 
These, together with n.m.r. and i.r. spectra and melting 


points are reported with the detailed synthetic procedures 
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in the experimental section. 


SOLVOLYSIS STUDIES 


The same method as used for the arylethylmethyl- 
Sulfonium systems was employed, that is, following the rate 
of appearance of acid in the methanolysis of the perchlorate 


salts. 


The titrimetric rate constants, Kis were calculated 
From the relationship 


Ky = 2.303 log Vos V 


Vos Vy 
Reactions were usually followed to about 85% com- 
pletion, and good straight lines were obtained when log 
(Vos Vy ) was plotted against time. Typical titrimetric rate 
analyses are shown in Tables XV and XVI; Figures XIII and 
XIV illustrate the corresponding kinetic plots. able xvii 
shows the complete solvolysis rate data for the systems 


studied. 


RACEMI ZATION STUDIES 


The same methods as used for the arylethylmethyl- 
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sulfonium systems were employed. The first order rate constants 


were calculated from the relationship 


koe = 2.303 logoc,-o< 
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Reactions were usually followed to about 85% comple- 
tion, and good Straight lines were obtained when log Cosson 
was plotted against time. Typical racemization rate analyses 
are shown in Tables XVIII and XIX; Figures XV and XVI illus- 


trate the corresponding kinetic plots. Table XX shows the 


complete racemization rate data for the Systems studied. 


TABLE Xv 


METHANOLYSIS OF RACEMIC P-ANISYLPHENYLMETHYLSULFONIUM 


PERCHLORATE IN THE PRESENCE OF 2,6-LUTIDINE AT 90.0020.02° 


URSIN SREESSGISIET cn Tramiemereereeee ess SESE bese 
SaaS Sees aero a ae SET ISTE AL A T SIE TES BATE TITS 


[SALT]: 0.01594; 2, 6-LUTIDINE] : 0.03702. 


AIVo0Orr so. U0 mls) 1itrantas Na0CH 0. 0365M, 


3 § 
Indicator: Phenolphthalein. 
Piecretical infinity titer: 2.207 mi. 


Experimental infinity titer: 2.034 ml. 


ee 


TIME TITER log (Vi-V, ) 10°k, 
(ans se (ml. ) | (secaan 
se ea cee, Rs etd re ae es 

0 0.083 0.3120 = 

4,50 0.289 Gre Aly 2.48 

7220 0.429 0.2054 con 

tice e G61 0.1526 Fatal 
14.40 0.708 0.1225 2.68 
18.00 0.803 0.0902 2.55 
235, 40 0.997 0.1570 2.69 
27.90 Teo2 1.9694 2.64 
34.62 thee ely) 1.9015 PRY 
39.60 TSG 1.8561 25 
48.30 1.496 1.7308 2.66 
65.50 1.805 1.3597 2.48 


AVERAGE. Saeco eueod 
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Ashes Methanolysis of racemic p-Anisylethylmethyl- 
sulfonium perchlorate in the presence of 
2,6-Lutidine at 90.009, 


TABLE XVI 


METHANOLYSIS OF RACEMIC PHENYL-n-PROPYLETHYLSULFONIUM 
PERCHLORATE IN THE PRESENCE OF 2,6-LUTIDINE AT 90.00+0.02° 
re a, ee at i le Sad gO EP le Ss ss 
eee 
[SALT] : 0.02412; [2,6-LUTIDINE] : 0.06137. 


Aliquots 5. 00m1l; M\iitrant: NaOCH Us D365M; 


a? 
Indicator: Phenolphthalein. 
Mieorestical wintinity tuters 3.398 mi. 


Experimental infinity titers 3.316 mt. 


OO 


TIME TITER } log (WoV,) 10°k, 
ate ser) (in ieee) (sec +) 
ail, etek I oe Ee. Nas NT Ts. pe es fae i 

0 0.040 0.5149 = 

2264 0.648 0.4262 7.69 

3.94 0.858 0.3906 4.29 

4.65 arnt : 0.3558 7.90 

ai 0 eee 0.3302 7.85 

6.69 1. 346 0.2945 7.60 
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8.64 1.626 ee ne fps 
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Figure XIV. Methanolysis of racemic Phenyl-n-propyl- 
ethylsulfonium perchlorate in the presence of 
2,6-Lutidine at 90.009, 
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TABLE XVIII 


RACEMIZATION OF (+)-P-ANISYLPHENYLETHYLSULFONIUM PERCHLOR- 


ATE IN ANHYDROUS METHANOL AT 50.00° 
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Figure XV. Racemization of (+)-p-Anisylphenylethy1l- 


sulfonium perchlorate in anhydrous methanol 
at 50.009 (Method II). 
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RACEMIZATION OF (-)-PHENYL-n-PROPYLETHYLSULFONIUM PER- 


CHLORATE IN ANHYDROUS METHANOL AT 50.00% 
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Figure XVI. Racemization of (-)-Phenyl-n-propylethyl- 
sulfonium perchlorate in anhydrous methanol 
at 50.009 (Method II). 
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DISCUSSION 


In Chapter I it was shown that electronic effects 
Played no significant part in the racemization of arylethyl- 
methylsulfonium perchlorates via a pyramidal inversion mech- 
anism. The results obtained for the monoaryldialkyl and di- 
arylmonoalkyl systems given in this chapter indicate that 
steric effects have a profound effect on the inversion 


process. 


A comparison of the solvolysis and racemization 
rate constants for VIII, IX, X and XI shows that solvolysis 
does not play any significant role in the racemization process 


and the assumption can be made that: 
LUSoe OE SOP PTCA SAC TI WIT yi le lcneee 


The relative methanolysis rate constants, k at 
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racemization rate constants, kg, in methanol at 50.00° for 
Lhpavill tpi Xeare,! 51150, +)9eS peendeintmethanoheat 250009 
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The relative methanolysis rate constants, Kis at 
Salyer POM 4 See Sat ee al 8 Slap ian Gens Se Ga 
racemization rate constants, ke, in methanol at Beis For 
Tis Xs: XI are 1: 10.7 +: 69.4, and in methanol at 25.00° 
apetins 91402 0: plil. 8.) sReplacement .of therethylrgroup in the 
p-anisylethylmethylsulfonium system by a phenyl group results 


inna rateeineneasea iofica. ub0'elat 50.00°), replacement of the 
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methyl group in the same system by a phenyl group, results 
uieo=reétueinereaseent cas 70 (at 5000+). 8 These restlts 
are readily explained in terms of steric effects. The pre- 
sence of bulky substituents leads to appreciable non-bonded 
repulsions which are stronger in the pyramidal than in the 
planar state, where repulsions are partially relieved. As 
a consequence, the pyramidal state is destabilized with re- 
spect to the transition state, and the inversion barrier 


would be expected to decrease. 


A similar effect is observed when the methyl group 
of the phenylethylmethyl system is replaced by a larger 
primary alkyl group (n-propyl or n-butyl). Again, an increase 
Pee cee re cas ah) (at 50.00°) is observed. “This large increase 
in the racemization rate is SUP LUSINO OWE UG ree Ceromil ft 1 
cult to rationalize on anything but steric grounds. 

Increasing the chain length of the alkyl group does not 
increase the racemization rate, in fact the results show the 
phenyl-n-butylethyl system to racemize at a slightly slower 
rate than the phenyl-n-propylethyl system. It would be of 
interest to investigate the effect of lengthening the chain 


> 


even further. 


The results indicate that racemization occurs 
almost exclusively via a pyramidal inversion mechanism. 
Carbon-sulfur bond heterolysis is an unlikely process, 
formation of methyl, ethyl, n-propyl or n-butyl carbonium 
ions being energetically unfavorable. After 10 half-lives 
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perchlorate salt was isolated, indicating that no decompo- 


Sition had occurred. 


To further examine the effect of introducing bulkier 
groups into the monoaryldialkyl system, the preparation of 
the phenyl-t-butylmethyl and phenyl-t-butylethyl systems 
was attempted. The reaction involved using a mole to mole 
ratio of phenyl t-butyl sulfide (32) and triethyl or trimethyl- 
oxonium fluoroborate, with methylene chloride as solvent. 
The product of the reaction was a mixture of the desired 
Sulfonium salt, phenyldimethyl or phenyldiethylsulfonium 
Fluoroborate, plus phenyl ethyl or phenyl methyl sulfide. 
This age Fase eoe that the phenyl-t-butylmethyl and pheny1l-t- 
butylethylsulfonium fluoroborate salts are unstable, and 
readily lose a t-butyl group. Figure XVII outlines a poss- 
ible scheme. In hydroxylic solvents such as methanol, the 
phenyl-t-butylmethyl and phenyl-t-butylethyl fluoroborate 
salts rapidly decomposed yielding phenyl methyl or phenyl 
ethyl sulfide, t-butyl methyl ether and/or isobutene. The 
t-butylethylmethylsulfonium system (4) has been found to 
be stable, hence we can conclude that the steric crowding 
in the phenyl-t-butylethyl and phenyl-t-butylmethyl. systems 
is S0 great that LTonization) to yield a t-butyl) cafbonium 
ion and neutral sulfide readily» occurs. It may not be 
Simply a question of steric crowding however, since ionization 


will yield a stable carbonium ion and the neutral sulfide is 


a good leaving group. 
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Steric acceleration of pyramidal inversion has 
been reported in cyclic Systems such as aziridines and oxaz- 
iridines (33). Replacement of the N-CH, group in compound 
XP sbyieg N-C(CH,). group, XIII, leads to ca, 2.5 kcal/mole 


barrier decrease in the activation energy for inversion. 


N=CH = 
: > C(CH,) 


XII XIII 


Are 2) So kcal /netre Ant = 18.6 kcal/mole 


If the same structural change is made in the 
oxaziridine compound XIV to Give XV, then the barrier decrease 
in the activation energy to inversion is greater than 


6 kcal/mole. 


0 
wa | ef Src whic 


XIV XV 


AW = 934.1 kcal/mole AHt Seb / ay, kcal/mole 


S. E. Cramer et al (34) have also shown a steric 


effect to be operative in the inversion of pentamethyl- 


phosphetanes. 
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CIS TRANS 


ey READ eee EIS A Aope 2o ss One canote 


XVIII, R=t-Butyl==—=—=*XIX, R=t-Butyl AH? 
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28.240.9 kcal/mole 


They conclude from their results that a clear steric affect 
is operative in the t-butyl derivative, due to the non-bonded 
interactions with the adjacent methyl groups of the ring. 
They also point to the possibility of some p-pl or p-d7 
bonding between the phenyl group and the phosphorous in com- 
pound XVI. However no evidence is given regarding this 
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If all three substituents attached to the sulfur 
of the sulfonium ion are changed to bulkier Qroups, a stage 
may be reached at which steric acceleration will become so 
great that it would be impossible to isalate the optically 
active sulfonium salt at room temperature. An attempt to 
prepare optically active phenyl-o-anisyl-p-tolylsulfonium 
perchlorate, by the reaction of optically active diarylethoxy 
sulfonium salts with arylmagnesium halides led to the isola- 


tion of racemic triaryl sulfonium salt (35,36). We repeated 
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Anderson's method, attempting to prepare optically active 
p-anisyl-p-tolylphenylsulfonium Fluoroborate, however, only 
inactive salt was obtained. Similarly, resolution of the 
2R,5R-dibenzoylhydrogentartrate salt proved to be unsuccess- 
Ful. The results indicate that either the triaryl sulfonium 
Salts were formed via a symmetrical transition State, Tor 
else there was a low barrier to the activation energy for 
inversion. Details of our work are Qiven in the experimen- 


tal section. 


Anderson che Gul (35) have prepared 9,9-dimethyl- 
10-phenylthioxanthylium perchlorate, XX, and examined its 


nem.er. Spectrum at various temperatures. 


XX 


At room temperature XX has two non-equivalent methyl groups. 
The n.m.r. signals for the two methyl groups coalesce at 
20045° in solvent benzophenone. From their data, they cal- 
culated the free energy of activation, Ac*, fleme equilibration 
of the methyl groups as 25.4 kcal/mole. They concluded that 
non-cyclic triaryl sulfonium salts are in the region of 
configurational stability where they might or might not show 


optical activity at room temperature. 


Our results can throw some further light on this. 


Replacement of the ethyl group in the p-anisylphenylethyl 
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system, XI, by a substituted phenyl group should increase the 
rate constant for racemization by a factor of Cas, 10... Using 
this approximation, the estimated value for the racemization 
of an optically active triaryl sulfonium salt in methanol 

at 25° would be 8x1074 sect, corresponding to a half-life 
of ca. 15 minutes. This estimate is a minimum value for 
ee Since it is made on the assumption that steric effects 
will be mathematically additive in log Sega a It is reason- 
able to suppose that at some stage steric effects will cease 
to be additive, and give rise to very large rate accelera- 
tions with small structural changes. It seems clear that 
both Anderson's and our unsuccessful attempts to prepare 
optically active triaryl sulfonium salts, can be accounted 
For by rapid racemization of the sulfonium salt during the 
reaction and isolation procedures. However, it should be 
pointed out, that given a half-life of 15 minutes and a high 


S\CCEMLberGtabinn, then tsolation or puLcallysactLve ma tan 


ial should be possible. 


Le Pers TUR Ee Ree yon ONERACEN I ZAteON 


These were calculated as described in Chapter I. 
The results are shown in Table XxXI. 

The differences in rate are reflected by changes 
in the enthalpy and entropy of activation, with the changes 
in the former being the predominant one. Three estimates to 
the barrier to inversion of the trimethylsulfonium ion have 
been made. The energy barriers estimated were 100 kcal/mole 


(37) and 16-23 kcal/mole (38,39). The former value is much 
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too high, whereas the latter values are too low. Table XXII 
presents enthalpy of activation values for several sulfonium 
salt systems at 50°, Showing the variation with increasing 
Steric hindrance around the central sulfur atom. Racemiza- 
tion rate constants and entropies of activation are also 


shown for comparison. 


TIX. eidst +wod ‘oe are © ‘patent er t exorm : 
quinojiue iepaver 1o? eeote nisin Ae yaaa 
onigseaisol aslw noltedvey ere patos ' Oya: ie @ 
-asimsoash mods qu? tie teadiits eit bnvots vane ~ ror te 
neie s7te noilevitos 6 eaiqorins doe einadanee- dnt fod: 


Tail 07 nuwote 
= 7 


104 


TABLE XXI 


ACTIVATION PARAMETERS FOR THE RACEMIZATION OF THE MONO- 
ARYLDIALKYL AND DIARYLMONOALKYLSULFONIUM SYSTEMS IN 


ANHYDROUS METHANOL AT 50.00° 


SYSTEM AH? Ast 
(kcal/mole) Cent.) 
p-Anisylphenylmethyl Pee S ABicd a Wp ss thee 
p-Anisylphenylethyl e235. 90a Paces One 
Phenyl-n-propylethyl et Sar pes' is ME 
Phenyl-n-butylethyl “asa Gu). thee 2 ial 
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(9%) 
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EXPERIMENTAL 


Physical measurements are as described for 


Chapter I. 


para-Anisyl phenyl sulfide 

Prepared by the method of Hibert and Johnson (41). 
After work up a brown oil was obtained, which even after 
distilling 3X still retained a pale yellow color. Further 
purification was obtained by use of a Al,0., (Woelm neutral) 


chromatography column, using 5% diethylether/pentane as 


solvent. 


Yield: 84%. b.p. 142-145" at 4 mm. (reported (41): b.p. 


iii ae Rae ie 1625390 ON ane (neatly acess 
on pee ol oeAcrt in Sh een iingrarad (neat): 560, 1244, 
i 


1787 L492 cma, 
Anal. Caled. for Ci 3H, 0S: Oy (2.190, bono re ame oe 
PotnGe G, 1.99, 7124 How By eo. oor oan oe emma 


para-Anisylphenylmethylsulfonium Fluoroborate 


Ae tg, 300.00 mela) quantit yinof para-anisyl phenyl 
Sulfide was dissolved in 20 ml. of pentane in a round bottomed 
Flask fitted with a drying tube. A 1.5 g. (0.01 mole) quantity 
of trimethyloxonium fluoroborate was then added. The flask 
was Flushed with nitrogen gas, the drying tube replaced and 
the mixture magnetically stirred. After allowing the reaction 


to proceed overnight, a pale yellow oil was obtained. The oil 
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crystallized as an “off" white solid from methanol/diethyl- 
ether solution. Further recrystallizations from methanol / 
diethylether solutions resulted in formation of a white 


solid. 


Wigldae?O%a emtan S2-5405S. reNeme rs (CDC1,): 76.42 (s,3H), 
feeb eS wot), ee. Mosel (m,9H). Infrared (nujol): 550, 685, 


AP05 5928761050, 1188, 1.265, 1448, 1498, 1588, 2860, 2940 cmt, 


para-Anisylphenylmethylsul fonium 2R, 3R-dibenzoylhydrogen 


tartrate 


A 6 g. (0.019 mole) quantity of para-anisylphenyl- 
methylsulfonium fluoroborate was dissolved in a minimum 
quantity of methanol, and passed through a Dowex 1-X8 anion 
exchange resin in hydroxide ion form. The eluent was 
neutralized with 7 g. (0.02 mole) of (-)-2R,3R-dibenzoyl- 
tartaric acid dissolved in diethylether. The method is the 
Same as that described for the arylethylmethyl systems. 


After work-up a white solid was obtained. 


Yield: 54%. m.p. 144.5-155". [ox<Rs - 78.8° (c 0.3656, 
anhyd. methanol). N.mvr. (dimethylsulfoxide-d,): 76.40 
G53. iayO wooeGS ooh) ord. 48 66S? Hee. 00 aa. 35 (m, 19H). 
Infrared Qnu jal) 654 85)970545 1105)" 13609 144540175 wegen, 


atin. glade Tare 


The salt was resolved by fractional crystallization from 
methanol/diethylether solution, as described for the aryl- 


ethylmethyl systems. 
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Racemic para-Anisylphenylmethylsulfonium perchlorate 


A 3g. (0.005 mole) quantity of unresolved para- 
anisylphenylmethylsulfonium 2R,3R-dibenzoylhydrogen tartrate 
salt, was converted to the perchlorate salt by passage 
through the anion exchange resin, and neutralization of the 
eluent with 5% methanolic perchloric acid in the usual way. 
After work-up a white solid was obtained which was recrystal- 


lized 2X from methanol/diethylether solutions. 


Yield g oe Met: 53-55. N.mr. (dimethylsulfoxide-d,): 

Poe eS iou ec. (Ss) 5h) 1 ed0-1402) (meeon aeel ar eared 

(nujol): 620, 0758, 840, 1090, 1180, 1265, 294D cmc. 

Anal. Calcd. for C,,H,50,SCl: C, 50.83; H, 4.57; S, 9.69. 
Seqiyayely ee ewes SIRE Gol aia, IC Agienby Ie sign Eee 


+)-para-Anisylphenylmethylsulfonium perchlorate 


A 3.2 g. (0.005 mole) quantity of crystals obtained 
as the) first)crop in the resolution of the 2R,3R-dibenzoyl- 
hydrogen tartrate salt was converted to the perchlorate as 
described for the racemic material. However, the eluent was 
collected in a flask immersed in an ice/salt bath to mini- 
mize any racemization. After work-up an oil was obtained 
which solidified on cooling to Sea Kor HE resulting white 


solid was recrystallized 2X From methanol/diethylether solu- 


wevois 


25 a) 
Yield: 88%. mp. 56.5-59.5°. [OU7?, + 21.2° (e 0.9790, 
anhyd. methanol). N.m.r. (CDCl): JO ADT Corot eumoe? 1 
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147295 
Found: C, 50.58, 50.88; H, 4.38, 4.52; S, 9.43, 9.55, 


-)-para-Anisylphenylmethylsulfonium erchlorate 


A 4.7 g. (0.008 mole) quantity of crystals obtained 
From the mother liquor in the resolution of the ZR, OR—-diben= 
zoylhydrogen tartrate salt was converted to the perchlorate 
Salt as described for the (+)-isomer. After work-up an oil 
was obtained, which after Dering kepo sat 5° for several days, 
yielded a "pasty" solid. The material was recrystallized 
From methanol/diethylether solutions, however it still re- 


tained its "pasty" nature. 


Mepeee Gu 5 Le Gasen = Ns, Coutsi72;anhyds methanai. 
(SGD ACEUC Ne erie en Goll, Wipes iG Gn cli, 


Infrared (nujol): 620, 758, 840, 1090, 1180, 1256, 2940 cm. 


No analysis done. 


para-Anisylphenylethylsulfonium Fluoroborate 


A 5S g. (0.023 mole) quantity of para-anisyl phenyl 
sulfide was dissolved in methylene chloride. A 4.1 Ge 
Gis0235 noe) equaptity of triethyloxonium eTonaee was 
added, the flask flushed with nitrogen gas, and then fitted 
with a drying tube. The mixture was stirred magnetically 
and left overnight. After work-up, the initially formed oil 
yielded a white solid when crystallized from acetone/diethyl- 


ether solution. 
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eid -90Foe emepnt5S-55eenuNrmar, (dimethylsulfoxide-d,): 
Bas59e0h 3haJ=7. Secep.ao)taGn07 (s7SH) 79523325 e88d( 9) 2H), 
1.67-2.83 (m,9H). Although adjacent to an assymetric 
centre, no splitting was observed in the quartet. Infrared 


(KBr): 693, 743, 832, 1070, 1248, 1493, 1590, 3430 cm--. 


para-Anisylphenylethylsulfonium 2R, 3R-dibenzoy lhydrogen 


CArTtrace 


Ae? o. ( 8.006. mode) quantity of para-anisylphenyl- 
ethylsulfonium fluoroborate was dissolved in a minimum 
amount of methanol, and converted to the 2R,3R-dibenzoylhyd- 
rogen tartrate salt by passage through the anion exchange 
resin and neutralization of the eluent with (-)-2R,3R-diben- 
ZOVisbarbarioaci dyin, the usual way. After work-up a white 


solid was obtained. 


Wisldis6O%. amip. (119-1212, eae - 73.3° (c 0.4736 anhyd. 
methanol). N.m.r. (acetic acid-d,): BUCO GRGtRSHaJa7 somcan. se), 
Smead lsasiiin, 6. 11462500 (q,2) , bAe2Gn(sn2H) 242. bessea? (m,19H). 


Infrared (KBr): 712, 1118, 1268, 1590, 1718 cm-?. 


The salt was resolved by fractional crystallization from 
methanol/diethylether solution as described for the aryl- 
ethylmethyl systems. The salt however, is only Sparingly 


soluble in methanol (i.e., 2.5 g. dissolved in 150 ml.). 


Racemic para-Anisylphenylethylsulfonium perchlorate 


A 5g. (0.015 mole) quantity of para-anisylphenyl- 


ethylsulfonium fluoroborate was dissolved in a minimum 
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amount of methanol and converted to the perchlorate salt in 
the usual way. After work-up the initially formed oil soon 
su lidifiadeon cooling tase.) |The salteweas recryStallized 3X 


From methanol/diethylether solutions. 


Tiel dm 00 beam e272 Geo eee NS mer. (dimethylsulfoxide-d_): 
Uekee: Asana eel sicr ey (sr4s) [SARI oageyea yuk Gomez He 
1.86-5.02 (m,9H). Infrared (KBr): 1110, 1120, 1248, 1495, 
Su SmesG em cans440 cme. 
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1571795 
Found: C, 52.19, 51.84; H, 4.71, 4.75; S, 9.35, 9.05. 


(+)-para-Anisylphenylethylsulfonium perchlorate 


A 2 g. (0.003 mole) quantity of the first crop of 
crystals obtained in the resolution of the 2R,3R-dibenzoyl- 
hydrogen tartrate salt was converted to the optically active 
perchlorate salt in the usual way. The eluent was allowed to 
drip into a flask immersed in an ice/salt bath to minimize any 
racemization. After work-up, the white solid was recrystal- 
ized from methanol/diethylether solution. The salt was 
stored at -10° overnight and the racemization rates run the 


Following day. 


- 


Yield: 85%. m.p. 39-40°. Nemr. (dimethylsulfoxide-d_): 
Jo Kess(t(GHpl27 f5ospds.), Wua2VGe IaH), (SaoUG. bs Brean, 
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No rotation was done because of the rapid loss of optical 


activity of the salt at room temperature (25°), 


-)-para-Anisylphenylethylsulfonium erchlorate 


A 2g. (0.003 mole) quantity of the crystals from 
the mother liquor in the resolution of the 2R,3R-dibenzoyl- 
hydrogen tartrate salt, was converted to the SoU caLly 


active perchlorate as described for the (+)-isomer. 


Velde Ol)oru em neo 4=60054 0 Nema. (dimethylsulfoxide-d.): 
TELE (Sp cine Serene tenn pcrm maieuces (Lac Nye piace oh ar ab 
1.92-3.10 (m,9H). Infrared (KBr): superimposable with (+)- 
isomer. 


Rios LeO fore Ge OC La US 2a ome oO eo Oe Ue 


15/17 5 
Ficiuinicl's 9 Lat 5 2559) 207 eee 4a os Ge Sencar Ge on wiGe 
Again, no rotation is recorded because of the rapid loss of 


optical activity at room temperature (25°). 


Phenyl n-butyl sulfide 


Prepared as described by V. PD. Ipatieff, Herman 


Pines and 8. S. Friedman (32). 


Yield: 90%. b.p. 101-102" at 9 mm. (rsportedus2 ww 9A.5 = 


oe) 20 
D D 


Site Cate ne Pee HBEPySINGE Ae GTitaan 4 fs) Ss My War ae ie, 


97,0, at. 4 mm.). n> 1.5460 (reported, (32); n<-. 1.5463). 


(m,5H). Infrared (neat): 690, 738, 1025, 1438, 1480, 1583, 


pause ose sUacmas. 


Phenyl-n-butylethylsulfonium fluoroborate 


A 10 g. (0.06 mole) quantity of phenyl n-butyl 
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Sulfide was dissolved in 25 ml. of methylene chloride in a 

Flask fitted with a drying tube. The flask was flushed 

with nitrogen gas, and 11.5 gq. (0.06 mole) of triethyloxon- 

ium Fluoroborate added. The drying tube was replaced and 

the mixture stirred magnetically. The reaction was complete 

in about an hour, addition of diethylether resulted in 

formation of an oil which soon solidified on cooling to Bes 

The white solid was filtered and recrystallized 2X from methanol/ 


diethylether solutions. 


Vitel dn 57%.080m. o.agi5-Sorey <Nemr. (CDC1,): F8.00-9.23 
(ielOH ie 193183 G5:42> (ms 4H) 6 0.472=2. 33).0m,5H). &lnfrared (KBr): 


1085, WistAses1630 6430. cm ok 


Phenyl-n-butylethylsulfonium 2R, 3R-dibenzoy lhydrogen tartrate 


A 5g. (0.018 mole) quantity of phenyl-n-butyl- 
ethylsulfonium fluoroborate was dissolved in a minimum 
amount of methanol and converted to the 2R,3R-dibenzoyl- 
hydrogen tartrate salt in the usual manner. After work-up, 


a white solid was obtained. 


Vietd: 0G Mp. Lis setts [ays ao 8Ce eto, 
anhyd. methanol). N.m.r. (dimethylsulfoxide-d,): J8.42-9. 68 
(m), 5.68-7.42 (m), 4.29 (s), 1.84-3.00 (m). Infrared (KBr): 


UGE LOS .1265 @ 1675 Sones” 3420 Gok, 


Thesalt was resolved by fractional crystallization from 
methanol/diethylether solution, as described for the 


arylethylmethyl systems. 
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Racemic Phenyl-n-butylethylsulfonium perchlorate 


A 5g. (0.018 mole) quantity of phenyl-n-butyl- 
ethylsulfonium fluoroborate was dissolved in a minimum 
quantity of methanol, passed through the anion exchange 
resin, and converted to the perchlorate salt in the usual 
manner. After work-Up a white solid was obtained which 


was Tecrystallized 2X from methanol/diethylether solutions. 


Vireo 0e em ieA 5 <4 7 eeN A er (CDC1,): J8.03-9.29 (m,10H), 

5.06-6.36 (m,4H), 1.71-2.32 (m,5H). Infrared (KBr): 625, 

760, ca. 1090, 1448, 3420 cm. 

Anal. Calcd. for C)5H,),0,SCl: C, 48.89; H, 6.50; S, 10.88. 
Bound 046,057 049 05470) aS Qn 2 eG ee Oe eee On 


(-)-Phenyl-n-butylethylsulfonium perchlorate 


A 3g. (0.005 mole) quantity of the first crop of 
crystals obtained in the resolution of the 2R, 3R-dibenzoyl- 
hydrogen tartrate salt was dissolved in a minimum quantity 
of methanol and converted to the optically active perchlorate 
Salt in the usual manner. The eluent was collected in a 
flask immersed in an ice/salt bath to minimize any racemiza- 
tion. After work-up a white solid was obtained which was 


recrystallized 2X from methanol/diethylether solutions. 


Kigdd'.90%enominees2n52S4q0 6 oder a Bei 58 LAGople » 
anhyd. methanol). N.m.r. (CDC1.): 78.09-9.32 (m,10H), 
§.83-6.34 (m,4H), 1.73-2.31 (m,5H)., Infrared (KBr): 625, 
TOUmecamsLUSU ml dag 5420 em *, 


SO lydet sy Rapley a, deieepiky ish , : 
Anal. Caled. for C1041 G94 u G 9 10.88 
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Found: C, 49.21, 48.79; H, 6.33, Oe JOs ose lUgoo al. Oo: 


Phenyl n-propyl sulfide 


Prepared as described by Ipatieff et al (32). 


Yield: 90%. b.p. 200-205° at 700 mm. (reported (32): 218.5- 


20 20 
D D 


N.m.r. (neat): J9.21-9,62 (m,3H), 8.39-9.09 (m,2H), 7.58 


212) eo SU) ween eee soo (reported (32 )ee cae S57 le 


(t,2H), 2.88-3.38 (m,5H). Infrared (neat): 690, 739, 1024, 


1440, 1480, 1585, 2970 em--. 


Phenyl-n-propylethylsulfonium Fluoroborate 


A 5.85 g. (0.04 mole) quantity of phenyl n-propyl 
Sulfide was dissolved in 25 ml. of methylene chloride. A 
Peoecsa (Ut 4emole) quantity of triethyloxonium fluoroborate 
was then added, the flask flushed with nitrogen gas and 
Fitted with a drying tube. The mixture was magnetically 
stirred for one hour, addition of diethylether resulted in 
precipitation of a white solid. The salt was recrystallized 


2X from methanol/diethylether solutions. 


Yield: 88%. m.p. 55-56%. N.emr. (CDCl): 77.99-9,09 (m,8H), 
5.93-6.43:(m,4H), 1.76-2.36 (m,5H). Infrared (KBr): 685, 


AU), Tle Skin OR. eve eee ar” 


Phenyl-n-propylethylsulfonium 2R, 3R-dibenzoylhydrogen 


tartrate 


A 6 gq. (0.023 mole) quantity of phenyl-n-propyl- 
ethylsulfonium fluoroborate was converted to the 2R,3R- 


dibenzoylhydrogen tartrate salt in the usual manner. After 
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work-up a white solid was obtained. 


Viele, sO%eemnepe Obst io [ogee - 79.9° (c 0.4804, anhyd. 
methanol). N.mr. (dimethylsulfoxide-d,): J8.42-9.54 (m,8H), 
onf626n96 (mish) y, 4/3al(s S2HyYy. Whes—3e00 (m,15H). Infrared 


CKoaS 7 USM2LVIOR 12624)1449 4016270 17.05) .3440. ca ae, 


The salt was resolved by fractional crystallization from 
methanol/diethylether Solution, as described for the aryl- 


ethylmethyl sulfonium systems. 


Racemic Phenyl-n-propylethylsulfonium perchlorate 


AS g. (0.02 mole) quantity of phenyl-n-propyl- 
ethylsulfonium fluoroborate was dissolved in a minimum 
amount of methanol, and converted to the perchlorate salt 
in the usual way. 


Vie nd reo 0 cement ns 60s0S62h8 mane her: (CDCl): 77.93-9, 16 


iio) yoo oo. 450m. 4H ei Oden 4 (m,5H). Infrared (KBr): 

620630 "6826750; 1090) 14Atiaes420 tena. 

Analy bated. ror ®t, tH Oacely |*Cyea7aOcqHe onlay soy eiie aD, 
Found: °C, "47/38, /46.90; "H;"6.06; °5.84)'S, Tresge oti. 45, 


+)-Phenyl-n-propylethylsulfonium perchlorate 


- 


A 3.2 g. (0.006 mole) quantity of the first crop 
of crystals obtained in the resolution of the 2R,3R-dibenz- 
oylhydrogen tartrate salt was dissolved in a minimum amount 
of methanol, and converted to the optically active perchlor- 
ate salt in the usual way. The eluent was collected in a 


flask immersed in an ice/salt bath to minimize any racemiza- 
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tion. After work-up, a white solid was obtained which was 


recrystallized 2X from methanol/diethylether solutions. 


Yield: 85%. mp. 42-479, [xe Teale Soar. Vel steeant a: 
a & 
methanol). N.m.r. (CDC1,): T7.99-9.16 (m,8H), 5.90-6.53 
(m,4H), 1.82-2.49 (m,5H). Infrared (KBr): 620, 630, 682, 
P5Oe = 1O9Ns— 144 G49 Domes 
Anal. Caled. for C,,H,70,SCl: C, 47.06; H, 6.10; S, 11.42. 
Pound: Ce A ui2A AW 1, He GRAS 065 ec 1 eASeEL 1 AG. 


-)-Phenyl-n-propylethylsulfonium perchlorate 


A 3g. (0.005 mole) quantity of the crystals 
obtained from the mother liquor in the resolution of the 
2R,3R-dibenzoylhydrogen tartrate salt, was converted to 
the optically active perchlorate as described for the C+)= 
isomer. After work-up the white solid was recrystallized 
2X from methanol/diethylether solutions. 


Pa, 
Jets) 


methanol). N.mr. (CDC1.): J7.98-9.19 (m,8H), 5.91-6.57 


Yield: 85%. m.p. 50-54%, [ox] - 19.7° (c 1.108, anhyd. 


(m,4H), 1.76-2.49 (m,5H). Infrared (KBr): Superimposable 
with (+)-isomer. 


Anal. Galcd.j far C Ole, Ave DOT eH eeDet ro, la a 2 


17 4 
POG mG, AG. C2, cai salve; wom) pceico wel 1, Shee Le Ae 


TRIARYL SULFONIUM SALTS 


Anderson et al (35) have prepared several triaryl 


sulfonium salts, however, their attempts to prepare the salts 
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in optically active form were unsuccessful. We repeated 
Anderson's work, although at the time we lacked his pre- 


cise experimental details, consequently, our method differs 


somewhat from theirs. 


(+)-para-Tolyl phenyl sulfide 


Prepared as described by Anderson eteal (42. 


Yield: 90%. m.p. 91-92" (reported (ADE eGo 3. \e fea + 
ee (c 0.9040, acetone) (Teported (42 )r4e20u- Qe VaAE ty 
acetone)). N.mr. (CDC1L.): T7.74 (ey Oo eee ota eo Sean atiin 


Infrared (nujol): 1378, 1460, 2920 cm. 


(+)-para-Tolylphenylethoxysulfonium fluoroborate 


Prepared as described by C. R. Johnson and 
D. McCants (43). After work-up an oil was obtained, all 
attempts to obtain a crystalline material were unsuccess- 


FL. 


Yield: 100%. [ox] 2 + 27.6° (c¢ 0.5690, methylene chloride). 
Nom.r. (CDC1.): Oa OZ ce on 7 Ulmer eee (s,3H), 
ep 2U-9.05 (Ge2zZH), 1.952067 (m, GH). ‘Infrared (neat): 740, 


Do, oo 4d. 1505) coat eee, 


Note: The solution used for the specific rotation measure- 
ment was left overnight in the polarimetric tube. A 
measurement taken the following day showed no change in 
rotation, indicating that the ethoxy sulfonium salt is 


optically stable at 25°. 
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Attempted preparation of optically active para-Tolyl-para- 


anisylphenylsulfonium salt 


BF, Bre oT BF, 
+ 
ee: ee EID ws 
: -20 to 0 
CH. CH. 
OCH 


The Grignard was prepared from 2.08 g. (0.015 
mole) of p-bromoanisole and 0.58 g. (0.025 g-atom) of Mg, 
using purified tetrahydrofuran (44) as solvent. This was 
added over a one hour period to a 2.5 Ge 050075 mole) 
quantity of the optically active ethoxy sulfonium salt 
dissolved in 15 ml. of purified tetrahydrofuran. The 
temperature was kept at about zim by means of a methanol/ 
ice bath. After the addition was complete, the mixture was 
stirred a further hour. The mixture was then hydrolyzed 
with a cooled saturated solution of ammonium chloride and 
the aqueous layer extracted 3X with cooled chloroform. 
Addition of diethylether resulted in formation of a pale 
VoLlowno1 L, A rotation measurement, using methanol as sol- 
vent, was carried out immediately. The material was Found 


LomvVenoptically inactive, 


Vane die Cav SoU soy oeN eis te (CDC1.): Tes ee (Gs Sas teh (ysl Ny 


Zo loo 2. Jon (Mio) eee ini rarcde (neat) yoy obo Ao aA oe 


TU SU peopel ZOU el 2 (oe bolle oa 2, ODO ee OSAwe eo oles u At) cmt 


210,0) .¢ BU.S wort beseqatq sew brangizd ant y 


i=, 
vo %e (mois-p 290)9). .q 62.0 bre aoa qo 

eM to (node-e a). +a necmerdeg a 

anu ein!  driowhae 45 (8a) Assuezeyderdad bel? azugq g 

a Tou 

(olom 2700,0) .p @.$ 6 of Selteq aver ano » TeVe ) 


tise weinotive yxorte suites (ilesliqo and Vays isnatip 
gt) 3 .fegutotiynesiat he.’ itng Yo Im et nl bevlogelb 
\iorietiem 5s +0 ensem yi “oi. junds Js tgead enw aruteasqmed 
esw @uvinim af? .atolqmo> eey nuliiths end 209th «ited eae 


besylozby werd sew Fiuskin oAT -.tuend ended 2 berriste v. 


bas shireics muinomms Vo ooijuios beteradae belogs @ Biss 

aca voaroirio baloog rtiw XE tatasvixe geyel eyosups add 

efeq 6 Yo noidnmict nt betiuews vantteivdgelh Ww eater : 
-loe es ienetdam gniey ,nowequesem polveior A «Die wolley 

byuot esw {sivalom est .yisvseipemel tue befites daw sinew 7 


evidssnd yiteaitgo — 
AWE,e) 92.8 ,(HE,2) OB.TT 16-1909) emt RO 299 


SHG BEB £09 ET c(seen) verevtnt (HELyA) — 
“wo OAGK ,G8VS ,beRL OODLE Sei (Het ,erse a 


& 


121 


Twhes peak at WOS0ecns~ indicates the presence of the fluoro- 
borate anion, suggesting that the reaction produces at least 
some triaryl sulfonium fluoroborate. The presence of some 


Sulfonium bromide cannot, however, be discounted. 


Note: The method outlined above differs from Anderson's 
preparation of p-tolyl-m-anisylphenyl and p-tolyl-m-tolyl- 
phenylsulfonium salts in several respects. After prepara- 
tion of his ethoxy sulfonium salts (p-tolyl-m-anisyl and 
p-tolyl-m-tolylethoxysulfonium fluoroborate), he replaced 

the methylene chloride solvent with 1,2-dimethoxyethane. 

His Grignard (pheny1lmagnesium bromide) was prepared in 
diethylether and then added over a 30 minute period to the 
ethoxy sulfonium salt solution kept at -2D to -10°, After 
addition was complete, the mixture was immediately hydrolyzed 
with saturated ammonium chloride solution. The aqueous layer 
was extracted several times with chloroform, the solution 
concentrated, and the salt precipitated out by the addition 
of diethylether. He reports a 36% yield at this point. The 
Salt was then dissolved in distilled water, acidified, and 
DESCLBLUaced oul aS the perch loratessalt. by the saddittonect 
aqueous sodium perchlorate solution at Dee Optical rotation 


measurements were then performed on the perchlorate salts. 


Conclusions; 

Formation Ot, OptleallyeinacliverpLocuUCctomcOUlo. Da 
explained in several ways. Firstly, the ethoxy sulfonium 
salt might racemize before it reacts with the Grignard to 


form products. However, if these salts do racemize then they 


jesal ane tosea 
enoe Yo sapwegiy ott sealant apes 
SES ae Joaneo 8 
e'noetetra mor? sieve veda banifive aS: ar 
-[yfod-»fyfod-~9 Line tynariqhvetos-a-lytod-9 te node 
-—sysqetq 12tTh  atouenees Javevae ol etise isan 
brn [yeinseq~fylvd-g) exis? mulnotiue yxotte etn. Yo nokd 
bsas!get ed ,(ederodatovl? muifiot tueyxordelytedg—tyiodag 
onabteykontandb-o,1 tiiw tnaviee ebilvoiris snotyddom edd 
ad beisqesg eaw (Ceblnerd mueenpent yirerg) bisngtsd eft 
eng o}-Bolteq efuninm 0c. & tava bebe perid Gns reridelydterh 
ratvA .°OC- of WS. Ye tged Heutoe Hee mudeat foe yeende 
betyforhyr y Setiekblnnia?: sev auutx ie «1? ,etelgnos saw notdibbs 
-yevel dyubeupes er’ §  .coiivuleda ehitalds auinoame bejaaudee Adiw 
moigoiog att ,daraletolts Atiw senid Lesebvde botosiixe eau : 
nobtipe= say yd veo Seiatbaiiesd Jtse-en? tre he vetinedada = 
evil .iniaq eind 46 Sfsty ROE e edroqe7 gH sadtatyiieli Yo 
bis ,geltiblos ,tetaw bellidets ol bevieselb nats ow fae 
to neliibbs std xd diss ebsroinsrey aid es Jue bodadtqtoe19, 
notteior eataqi a) ba nogsutoe stexotiisasg muiboe evoeups 
attpe Se PseIO RNG ata ro bam 0204 rend etaw etnies 


ad bavin letoubuig ” dvitgsha vi feotsqe 79 


‘eae 


nw iea Lie’ ‘yeaa ord. yitene die nannies bd te 
od stengiad edd Ndiw edu sad-YE avated weinooes 
CE ee Heats RTGS Ge TS AR 
=, a i Sa 


ee, 


must do so in the Grignard Solution, since otherwise they are 
Optically stable. Secondly, the reaction might proceed 
through a symmetric intermediate or CrAaTISiitd ote sitate: Paihis 
seems unlikely when one considers other examples of nucleo- 
pniiaitc tsutstivcionyat sulfur involving optically active 
tri-coordinate sulfur (equations (i) and (ii)), which proceed 


with inversion to give optically active products. 
NESCO IO rae RNG en ph i) CAS) 


Arar*SOC,H. + OH-—————-sarartsa (ii) (43) 
+ 


(OWcest this nysounss. swe attempted to prepare 
optically active diarylalkylsulfonium salts by treatment of 
Che optically active diarylethoxysulfonium salt with alkyl- 
magnesium halides, Formation of optically inactive product 
would indicate a symmetric intermediate or transition state, 
Since we have already prepared diarylalkylsulfonium salts 
in optically active form. However the product of the reac- 
tion was the sulfoxide, none of the desired material could 


be detected. 


A third possibility is racemization via aDydeojTouG 
exchange with the arylmagnesium halide. However, Anderson 
et al (35) have shown this process to be non-operative in 
the reaction. We are thus left with the possibility that 
Tacemization occurs after the formation of the triaryl 


sulfonium salt via a pyramidal inversion mechanism, optical 


activity being lost in the work-up and isolation procedures. 
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In our case this amounted to approximately 45-60 minutes. 
Using our estimate of the racemization rate at 25° for 
the triaryl system, and Given a low specific rotation for 
the salt, then failure to observe any optical activity 


is not so surprising. 


para-Tolyl-para-anisylphenylsulfonium 2R,3R-dibenzoyl- 


hydrogen tartrate 


A 2g. quantity of the presumed fluoroborate salt 
was dissolved in methanol and passed through a Dowex 1-X8 
anion exchange resin in hydroxide ion form. The eluent was 
neutralized with a diethylether solution of (-)-2R,3R-dibenz- 
yi tarlaricvacrds s After work-up the initially formed oil 
yielded a white solid when crystallized from acetone/diethyl- 


ether solution. 


m.p. ca. 50-65" (turned glassy). logzs 2 Bish) Ge SANS. 
anhyd. methanol). N.m.r. (CDC1..): Witcy? GAt- SSH se yGstoal a Sans) 
SOWA  Z2H)G Waed=SeiBe (m,23H). Impurity peaks occurred at 
J8t 83)-andea, 58. hinfrared snugoils) e770 wel0 2500068, 1265, 


1375, 1460, 1710, 2850, 2920 cm 


Attempted resolution via fractional Crystallization 
From acetone/diethylether solution gave no good evidence for 
separation of the diastereoisomers. However, it is note- 
worthy that rotation measurements taken immediately on the 
first 2R,3R-dibenzoylhydrogen tartrate salt formed in an 
attempted separation (in this particular GaSe sea imcael))s 


did show changes in rotation with time. More work is needed 
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to verify this observation. 


KERET RES 


Titrimetric rates 


The sealed ampoule method was used as dese@enibed in 


Chapter I, 


Racemization rates 


Both Method I and Method II as described in Chapter 


I were employed, 


-/- 


ADDITION/OMISSION 


Preparation of (+ )-Pheny1l-n-butylethylsulfonium perchlorate 


A t4arg.? (OSD movie) quantity of ‘tne crystals ob- 
tained from the mother liquor in the resolution of the 
ZR, 3R-dibenzoylhydrogen tartrate salt was converted to the 
optically active perchlorate salt as described for the 
(-)-isomer, After work-up the white solid was recrystallized 


From methanol/diethylether solutions. 


. fs) 25 a) 
condemn em Osn oho oo eae leet PaO ale (Corl 05s 
anhyd. methanol). N.mrc. (CDCl): 78.02-9.33 (m,10H), 
5.84-6.36 (m,4H), 1.72-2.33 (m,5H). Infrared (KBr): 
superimposable with (-)-isomer, 
Anal. Calcd. for Ci ot, g0,SCL: C,A0.85°  H, Grouse oo 10. aa. 
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